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(57) ABSTRACT

System and method for regulating a power converter. The
system includes a first signal generator configured to receive
a first sensed signal and generate an output signal associated
with demagnetization. The first sensed signal is related to a
first winding coupled to a secondary winding for a power
converter, and the secondary winding is associated with at
least an output current for the power converter. Additionally,
the system includes a ramping signal generator configured to
receive the output signal and generate a ramping signal, and a
first comparator configured to receive the ramping signal and
a first threshold signal and generate a first comparison signal
based on at least information associated with the ramping
signal and the first threshold signal. Moreover, the system
includes a second comparator configured to receive a second
sensed signal and a second threshold signal and generate a
second comparison signal.
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SYSTEMS AND METHODS FOR CONSTANT
VOLTAGE MODE AND CONSTANT
CURRENT MODE IN FLYBACK POWER
CONVERTERS WITH PRIMARY-SIDE
SENSING AND REGULATION

1. CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/071,384, filed Mar. 24, 2011, which claims
priority to Chinese Patent Application No. 201110051423.2,
filed Feb. 28, 2011, both commonly assigned and incorpo-
rated by reference herein for all purposes. Additionally, U.S.
patent application Ser. No. 13/071,384, filed Mar. 24,2011, is
a continuation-in-part of U.S. patent application Ser. No.
12/581,775, filed Oct. 19, 2009, which claims priority to U.S.
Provisional No. 61/107,249, filed Oct. 21, 2008, all three
applications being commonly assigned and incorporated by
reference herein for all purposes.

2. BACKGROUND OF THE INVENTION

The present invention is directed to integrated circuits.
More particularly, the invention provides systems and meth-
ods for constant voltage mode and constant current mode.
Merely by way of example, the invention has been applied to
a flyback power converter with primary-side sensing and
regulation. But it would be recognized that the invention has
a much broader range of applicability.

Flyback power converters have been used extensively for
their simple structures and low costs in low power applica-
tions. But in traditional flyback converters, the output voltage
regulation often is performed with secondary-side feedback,
using an isolated arrangement of TL.431 and an opto-coupler.
In addition to increasing the system cost, the voltage drop due
to the cable loss usually is difficult to compensate.

FIG. 1 is a simplified conventional diagram for a switch-
mode flyback power conversion system with secondary-side
control. As shown in FIG. 1, a PWM controller 110 is used to
control and drive a power MOSFET M1. The power MOS-
FET M1 is turned on and off to control the power delivered to
the load on the secondary side. Consequently, the constant
output voltage (CV) mode and the constant output current
(CC) mode may be achieved by the secondary-side regula-
tion.

FIG. 2 is a simplified conventional diagram showing char-
acteristics of output voltage and output current of a flyback
power conversion system. As shown in FIG. 2, if the output
current [, is in the range of from zero to 1., the system
operates in the constant voltage (CV) mode. In the CV mode,
the output voltage V, is, for example, equalto V,,, .. Alterna-
tively, if the output voltage is below V,, ., the system may
operate in the constant current (CC) mode. In the CC mode,
the output current I, is, for example, equal to ,,,,... In another
example, if the output terminal of the system is connected to
a discharged battery, the system operates in the CC mode.

To reduce cost and size of the switch-mode flyback power
converter and to also improve its efficiency, the power con-
verter with primary-side regulation has become more and
more popular. With the primary-side regulation, the output
voltage is sensed by detecting the voltage of an auxiliary
winding that is tightly coupled to the secondary winding.
Since the voltage of the auxiliary winding images the output
voltage that is associated with the secondary winding, the
voltage sensed in the auxiliary winding can be utilized to
regulate the secondary-side output voltage. The expensive
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parts of TL431 and opto-coupler usually are not needed, so
the cost and size can be reduced. Additionally, using sensed
information of the output voltage, the output current can be
regulated based on internal computation of the controller.
Therefore the sensing resistor for output current often is not
needed, so the overall conversion efficiency can be improved.

FIG. 3 is a simplified conventional diagram for a switch-
mode flyback power conversion system with primary-side
sensing and regulation. FIG. 4 is another simplified conven-
tional diagram for a switch-mode flyback power conversion
system with primary-side sensing and regulation.

As shown, the output voltage V,,, is mapped to the DC
voltage V- at the node INV, and is therefore regulated
through the regulation of V. With primary-side regulation,
the relationship of V,,-and V_,, can be expressed as:

out

®

XR, Ry
Vivy = o—5- X(Vour + Vp2) = 5——— X Vp1
Ry R+ Ry

n
Ry + + R

where n is the ratio of auxiliary-winding turns to second-
ary-winding turns. Additionally, V,, and V ,, are the forward
diode drop voltages.

Setting

R +R

nXR,’

V. 1s therefore given by:

out

@

1
Vour = kX Viyy + 5 Vo1 — V2

The output voltage is regulated through the regulation of
the voltage for the auxiliary winding. For example, the sensed
voltage, V5, 1s compared with a predetermined voltage
level, Vg The difference between V,,, and V- is asso-
ciated with an error signal, which is amplified by an error
amplifier. Based at least in part on the amplified error signal,
a PWM/PFM signal is generated.

The PWM/PFM signal controls turning on/off of a power
switch and thus controls the power delivered to the secondary
side. As a result, the difference between V- and Vgzr
becomes smaller and smaller, and eventually V- becomes
equal to V. Since V- is the image of the output voltage
V.. the output voltage V_,, can be linearly dependent on
V v-and thus V., if certain conditions are satisfied.

Specifically, as shown below, the output voltage V,, lin-
early depends on V. if the forward voltage across diodes
D1 and D2 are constant.

®

1
Vour = k X VRgr + 5 Vo1 — Ve

But the forward voltage of a diode often depends on the
current that flows through the diode. Hence the forward volt-
age of D2 changes if the load current changes. The forward
voltage of D1 is almost constant since the current flowing
through D1 does not change even if the output load current
changes.

FIG. 5 is yet another simplified conventional diagram for a
switch-mode flyback power conversion system with primary-
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side sensing and regulation. The power conversion system
2000 includes a primary winding 2010, a secondary winding
2012, an auxiliary winding 2014, a power switch 2020, a
current sensing resistor 2030, an equivalent resistor 2040 for
an output cable, resistors 2050 and 2052, and rectifying
diodes 2060 and 2062. For example, the power switch 2020 is
an NPN bipolar transistor. In another example, the power
switch 2020 is a MOSFET transistor. In yet another example,
the power switch 2020 is an IGBT transistor.

As shown in FIG. 5, to regulate the output voltage within a
predetermined range, information related to the output volt-
age and the output loading often needs to be extracted. In the
discontinuous conduction mode (DCM), such information
can be extracted through the auxiliary winding 2014. When
the power switch 2020 is turned on, the energy is stored in the
secondary winding 2012. Then, when the power switch 2020
is turned off;, the stored energy is released to the output ter-
minal, and the voltage of the auxiliary winding 2014 maps the
output voltage on the secondary side as shown below.

VFB=%X(V0+V32+IO><RW)—/(V% (4)

where V5 represents a voltage at a node 2054. R, and R,
represent the resistance values of the resistors 2050 and 2052
respectively. Additionally, n represents a turns ratio between
the auxiliary winding 2014 and the secondary winding 2012.
Specifically, n is equal to the number of turns of the auxiliary
winding 2014 divided by the number of turns of the secondary
winding 2012. V_ and I, represent the output voltage and the
output current respectively. Moreover, V ,, represents the for-
ward voltage of the rectifying diode 2062, and V ,,, represents
the forward voltage of the rectifying diode 2060 respectively.
Also, R, represents the resistance value of the equivalent
resistor 2040, and k represents a feedback coefficient equal to

Ri+R,
xRy’

FIG. 6 is a simplified diagram showing a conventional
operation mechanism for the flyback power conversion sys-
tem 2000. As shown in FIG. 6, the controller chip of the
conversion system 2000 uses a sample-and-hold mechanism.
When the demagnetization process on the secondary side is
almost completed and the current I of the secondary wind-
ing 2012 almost becomes zero, the voltage V5 at the node
2054 (which is proportional to V. of the auxiliary winding
2012) is sampled at, for example, point A of FIG. 6. The
sampled voltage value is usually held until the next voltage
sampling is performed. Through a negative feedback loop, the
sampled voltage value can become equal to a reference volt-
age V iz Therefore,

®

Combining Equations 4 and 5, the following can be
obtained:

Vep=Vrer
1 (6)
V, = kX Vggr + ;Vm = Vpo = I, X Req

Based on Equation 6, the output voltage decreases with the
increasing output current. Additionally, the control scheme as
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4

described above often has poor regulation for output voltage
due to the change in the forward voltage of the diode D2.

Furthermore, if the power conversion system 2000 oper-
ates in the discontinuous conduction mode (DCM), the output
current can also be regulated in order to achieve a constant
output current. As shown in FIG. 6, the output current is equal
to the average value of the current I of the secondary wind-
ing 2012 in each switching cycle as shown below:

M

Tpemag

1
L=z -
s

2
Therefore,

X Lsge_pk X

®

1 1 Ty, T,
10:—><N><—><f coph [Demag 4,
2 T o Rs T

where N represents a turns ratio between the primary wind-
ing 2010 and the secondary winding 2012. Specifically, N is
equal to the number of turns of the primary winding 2010
divided by the number of turns of the secondary winding
2012. Additionally, T represents an integration period, and T,
represents a switching period that is equal to the inverse of the
switching frequency of the power conversion system 2000.
For example, T is equal to or larger than T, Moreover, R,
represents the resistance value of the current sensing resistor
2030. Also, V, ;. represents the peak value of the sensed
voltage V_, by the current sensing resistor 2030 within each
switching cycle, and Tp,,,,, represents duration of the
demagnetization process within each switching cycle.
According to some conventional technology, the output cur-
rent may depend on the inductance of the primary winding;
therefore the output current often suffers from large varia-
tions, which usually cannot be effectively compensated in
mass production.

Hence it is highly desirable to improve techniques for
output voltage regulation and output current control, such as
primary-winding inductance compensation, is highly desir-
able.

3. BRIEF SUMMARY OF THE INVENTION

The present invention is directed to integrated circuits.
More particularly, the invention provides systems and meth-
ods for constant voltage mode and constant current mode.
Merely by way of example, the invention has been applied to
a flyback power converter with primary-side sensing and
regulation. But it would be recognized that the invention has
a much broader range of applicability.

According to one embodiment, a system for regulating a
power converter includes a first signal generator configured to
receive at least an input signal and generate at least a first
output signal associated with demagnetization and a second
output signal associated with sampling. Additionally, the sys-
tem includes a sampling component configured to receive at
least the input signal and the second output signal, sample the
input signal based on at least information associated with the
second output signal, and generate at least a third output
signal associated with one or more sampled magnitudes.
Moreover, the system includes an error amplifier configured
to receive at least the third output signal and a first threshold
voltage and generate at least a fourth output signal with a
capacitor, the capacitor being coupled to the error amplifier.
Also, the system includes a compensation component con-
figured to receive at least the fourth output signal and generate
at least a compensation signal. The input signal is a combi-
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nation of the compensation signal and a first sensed signal.
The first sensed signal is associated with a first winding
coupled to a secondary winding for a power converter, and the
secondary winding is related to an output current and an
output voltage for the power converter. Additionally, the sys-
tem includes the first controller for regulating at least the
output current. For example, the first controller is configured
to receive at least the first output signal and the third output
signal and generate at least a first control signal based on at
least information associated with the first output signal and
the third output signal. Moreover, the system includes a sec-
ond controller for regulating at least the output voltage. For
example, the second controller being configured to receive at
least the fourth output signal and generate at least a second
control signal and a third control signal based on at least
information associated with the fourth output signal. Also, the
system includes an oscillator configured to receive at least the
first control signal and the second control signal and generate
at least a clock signal, and a second signal generator config-
ured to receive at least the clock signal, the third control
signal, and a fourth control signal, and generate at least a
modulation signal. Additionally, the system includes a gate
driver configured to receive at least the modulation signal and
output at least a drive signal to a switch. For example, the
switch is configured to affect a first current flowing through a
primary winding coupled to the secondary winding. More-
over, the system includes a third controller for regulating at
least a peak current. For example, the third controller being
configured to receive the third control signal, a second sensed
signal, and a second threshold voltage, and output the fourth
control signal to the second signal generator. In another
example, the second sensed signal is associated with the first
current flowing through the primary winding for the power
converter.

According to another embodiment, a system for regulating
apower converter includes a sampling component configured
to receive at least an input signal, sample the input signal, and
generate at least a first output signal associated with one or
more sampled magnitudes. For example, the input signal
being associated with at least a first winding coupled to a
secondary winding for a power converter, and the secondary
winding is related to an output current and an output voltage
for the power converter. Additionally, the system includes an
error amplifier configured to receive at least the first output
signal and a threshold voltage, generate a second output sig-
nal with a capacitor, and generate a third output signal, the
capacitor being coupled to the error amplifier. Moreover, the
system includes a feed forward component configured to
receive the third output signal and generate a fourth output
signal based on at least information associated with the third
output signal, and a controller for regulating at least the out-
put voltage. For example, the controller is configured to
receive at least the second output signal and the fourth output
signal, and generate at least a first control signal. Also, the
system includes a signal generator configured to receive at
least the first control signal and generate at least a modulation
signal based on at least information associated with the first
control signal, and a gate driver configured to receive at least
the modulation signal and output at least a drive signal to a
switch. For example, the switch is configured to affect a first
current flowing through a primary winding coupled to the
secondary winding.

According to yet another embodiment, a system for regu-
lating a power converter includes a sampling component con-
figured to receive at least an input signal, sample the input
signal, and generate at least a first output signal associated
with one or more sampled magnitudes, and an error amplifier
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configured to receive at least the first output signal and a
threshold voltage, generate a second output signal with a
capacitor, and generate a third output signal, the capacitor
being coupled to the error amplifier. Additionally, the system
includes a feed forward component configured to receive the
third output signal and generate a fourth output signal based
on at least information associated with the third output signal,
and a controller configured to receive at least the second
output signal and the fourth output signal, and generate at
least a control signal. Moreover, the system includes a com-
pensation component configured to receive at least the second
output signal and generate at least a compensation signal
based on at least information associated with the second
output signal, the input signal being a combination of the
compensation signal and another signal.

According to yet another embodiment, a system for regu-
lating a power converter includes a first signal generator
configured to receive at least an input signal and generate at
least a first output signal associated with demagnetization and
a second output signal associated with sampling. For
example, the input signal is associated with at least a first
winding coupled to a secondary winding for a power con-
verter, and the secondary winding is related to an output
current and an output voltage for the power converter. Addi-
tionally, the system includes a sampling component config-
ured to receive at least the input signal and the second output
signal, sample the input signal based on at least information
associated with the second output signal, and generate at least
a third output signal associated with one or more sampled
magnitudes. Moreover, the system includes a first controller
for regulating at least the output current, which is configured
to receive at least the first output signal and the third output
signal and generate at least a first control signal based on at
least information associated with the first output signal and
the third output signal. Also, the system includes an oscillator
configured to receive at least the first control signal and gen-
erate at least a clock signal based on at least information
associated with the first control signal, and a second signal
generator configured to receive at least the clock signal and a
second control signal, and generate at least a modulation
signal based on at least information associated with the clock
signal and the second control signal. Additionally, the system
includes a gate driver configured to receive at least the modu-
lation signal and output at least a drive signal to a switch. For
example, the switch is configured to affect a first current
flowing through a primary winding coupled to the secondary
winding. Moreover, the system includes a third controller for
regulating at least a peak current is configured to receive at
least a sensed signal and a threshold voltage, and output the
second control signal to the second signal generator. For
example, the sensed signal is associated with the first current
flowing through the primary winding for the power converter.
The modulation signal corresponds to a switching frequency,
and the first output signal corresponds to a demagnetization
pulse width.

According to yet another embodiment, a system for regu-
lating a power converter includes a controller for regulating at
least a peak current. For example, the controller is configured
to receive at least a sensed signal and a first threshold voltage
and generate at least a first control signal, and the sensed
signal is associated with a first current flowing through a
primary winding for a power converter. Additionally, the sys-
tem includes a signal generator configured to receive at least
the first control signal and generate at least a modulation
signal, and a gate driver configured to receive at least the
modulation signal and output at least a drive signal to a
switch. For example, the switch is configured to aftect the first
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current. In another example, the controller includes a first
comparator configured to receive the sensed signal and the
first threshold voltage and generate a comparison signal
based on at least information associated with the sensed sig-
nal and the first threshold voltage, and a charge pump config-
ured to receive the comparison signal and generate a second
control signal based on at least information associated with
the comparison signal. Additionally, the controller includes a
threshold generator configured to receive the second control
signal and generate a second threshold voltage based on at
least information associated with the second control signal,
and a second comparator configured to receive the second
threshold voltage and the sensed signal and generate the first
control signal based on at least information associated with
the second threshold voltage and the sensed signal.

According to yet another embodiment, a method for regu-
lating a power converter includes receiving at least an input
signal by a first signal generator, and generating at least a first
output signal associated with demagnetization and a second
output signal associated with sampling based on at least infor-
mation associated with the input signal. Additionally, the
method includes receiving at least the input signal and the
second output signal by a sampling component, sampling the
input signal based on at least information associated with the
second output signal, generating at least a third output signal
associated with one or more sampled magnitudes, receiving
at least the third output signal and a first threshold voltage by
an error amplifier, and generating at least a fourth output
signal with a capacitor coupled to the error amplifier. More-
over, the method includes receiving at least the fourth output
signal by a compensation component, and generating at least
a compensation signal based on at least information associ-
ated with the fourth output signal. For example, the input
signal is a combination of the compensation signal and a first
sensed signal. In another example, the first sensed signal is
associated with a first winding coupled to a secondary wind-
ing for a power converter, and the secondary winding is
related to an output current and an output voltage for the
power converter. Also, the method includes receiving at least
the first output signal and the third output signal by a first
controller for regulating at least the output current, generating
at least a first control signal based on at least information
associated with the first output signal and the third output
signal, receiving at least the fourth output signal by a second
controller for regulating at least the output voltage, and gen-
erating at least a second control signal and a third control
signal based on at least information associated with the fourth
output signal. Additionally, the method includes receiving at
least the first control signal and the second control signal by
an oscillator, generating at least a clock signal by the oscilla-
tor, receiving at least the clock signal, the third control signal,
and a fourth control signal by a second signal generator, and
generating at least a modulation signal by the second signal
generator. Moreover, the method includes receiving at least
the modulation signal by a gate driver, outputting at least a
drive signal to a switch to affect a first current flowing through
aprimary winding coupled to the secondary winding, receiv-
ing the third control signal, a second sensed signal, and a
second threshold voltage by a third controller for regulating at
least a peak current; and outputting the fourth control signal to
the second signal generator. For example, the second sensed
signal is associated with the first current flowing through the
primary winding for the power converter.

According to yet another embodiment, a method for regu-
lating a power converter includes receiving at least an input
signal by a sampling component. For example, the input
signal is associated with at least a first winding coupled to a
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secondary winding for a power converter, and the secondary
winding is related to an output current and an output voltage
for the power converter. Additionally, the method includes
sampling the input signal by the sampling component, gen-
erating at least a first output signal associated with one or
more sampled magnitudes, receiving at least the first output
signal and a threshold voltage by an error amplifier, and
generating a second output signal with a capacitor coupled to
the error amplifier. Moreover, the method includes generating
a third output signal by the error amplifier, receiving the third
output signal by a feed forward component, generating a
fourth output signal based on at least information associated
with the third output signal, receiving at least the second
output signal and the fourth output signal by a controller for
regulating at least the output voltage, and generating at least
a first control signal based on at least information associated
with the second output signal and the fourth output signal.
Also, the method includes receiving at least the first control
signal by a signal generator, generating at least a modulation
signal based on at least information associated with the first
control signal, receiving at least the modulation signal by a
gate driver, and outputting at least a drive signal to a switch to
affect a first current flowing through a primary winding
coupled to the secondary winding.

According to yet another embodiment, a method for regu-
lating a power converter includes receiving at least an input
signal by a sampling component, sampling the input signal by
the sampling component, and generating at least a first output
signal associated with one or more sampled magnitudes.
Additionally, the method includes receiving at least the first
output signal and a threshold voltage by an error amplifier,
generating a second output signal with a capacitor coupled to
the error amplifier based on at least information associated
with the first output signal and the threshold voltage, and
generating a third output signal based on at least information
associated with the first output signal and the threshold volt-
age. Moreover, the method includes receiving the third output
signal by a feed forward component, generating a fourth
output signal based on at least information associated with the
third output signal, receiving at least the second output signal
and the fourth output signal by a controller, and generating at
least a control signal based on at least information associated
with the second output signal and the fourth output signal.
Also, the method includes receiving at least the second output
signal by a compensation component, and generating at least
a compensation signal based on at least information associ-
ated with the second output signal, the input signal being a
combination of the compensation signal and another signal.

According to yet another embodiment, a method for regu-
lating a power converter includes receiving at least an input
signal by a first signal generator. For example, the input signal
is associated with at least a first winding coupled to a second-
ary winding for a power converter, and the secondary winding
is related to an output current and an output voltage for the
power converter. Additionally, the method includes generat-
ing at least a first output signal associated with demagnetiza-
tion and a second output signal associated with sampling
based on at least information associated with the input signal,
receiving at least the input signal and the second output signal
by a sampling component, sampling the input signal based on
at least information associated with the second output signal,
and generating at least a third output signal associated with
one or more sampled magnitudes. Moreover, the method
includes receiving at least the first output signal and the third
output signal by a first controller for regulating at least the
output current, generating at least a first control signal based
on at least information associated with the first output signal
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and the third output signal, receiving at least the first control
signal by an oscillator, and generating at least a clock signal
based on at least information associated with the first control
signal. Also, the method includes receiving at least the clock
signal and a second control signal by a second signal genera-
tor, generating at least a modulation signal based on at least
information associated with the clock signal and the second
control signal, receiving at least the modulation signal by a
gate driver, and outputting at least a drive signal to a switch to
affect a first current flowing through a primary winding
coupled to the secondary winding. Additionally, the method
includes receiving at least a sensed signal and a threshold
voltage by a third controller for regulating at least a peak
current, and outputting the second control signal to the second
signal generator. The sensed signal being associated with the
first current flowing through the primary winding for the
power converter, the modulation signal corresponds to a
switching frequency, and the first output signal corresponds
to a demagnetization pulse width.

According to yet another embodiment, a method for regu-
lating a power converter includes receiving at least a sensed
signal and a first threshold voltage by a controller for regu-
lating at least a peak current. For example, the sensed signal
is associated with a first current flowing through a primary
winding for a power converter. Additionally, the method
includes generating at least a first control signal based on at
least information associated with the sensed signal and the
first threshold voltage, receiving at least the first control sig-
nal by a signal generator, generating at least a modulation
signal based on at least information associated with the first
control signal, receiving at least the modulation signal by a
gate driver, and outputting at least a drive signal to a switch to
affect the first current. The process for generating at least a
first control signal includes receiving the sensed signal and
the first threshold voltage by a first comparator, generating a
comparison signal based on at least information associated
with the sensed signal and the first threshold voltage, receiv-
ing the comparison signal by a charge pump, generating a
second control signal based on at least information associated
with the comparison signal, receiving the second control sig-
nal by a threshold generator, generating a second threshold
voltage based on at least information associated with the
second control signal, receiving the second threshold voltage
and the sensed signal by a second comparator, and generating
the first control signal based on at least information associ-
ated with the second threshold voltage and the sensed signal.

Many benefits are achieved by way of the present invention
over conventional techniques. Certain embodiments of the
present invention can reduce parts count and/or decrease sys-
tem cost. Some embodiments of the present invention can
improve reliability and/or efficiency. Certain embodiments of
the present invention can simplify circuit design in switch
mode flyback power converters. Some embodiments of the
present invention provide a primary side sensing and regula-
tion scheme. For example, the primary side sensing and regu-
lation scheme can improve the load regulation. In another
example, the primary side sensing and regulation scheme can
compensate the primary winding inductance variation to
achieve constant output current in a flyback converter that
employs the primary side regulation. Certain embodiments of
the present invention can provide, in the CC mode, a constant
output current that does not change as primary winding
inductance changes.

According to yet another embodiment, a system for regu-
lating a power converter includes a first signal generator
configured to receive a first sensed signal and generate an
output signal associated with demagnetization. The first
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sensed signal is related to a first winding coupled to a sec-
ondary winding for a power converter, and the secondary
winding is associated with at least an output current for the
power converter. Additionally, the system includes a ramping
signal generator configured to receive the output signal and
generate a ramping signal, and a first comparator configured
to receive the ramping signal and a first threshold signal and
generate a first comparison signal based on at least informa-
tion associated with the ramping signal and the first threshold
signal. Moreover, the system includes a second comparator
configured to receive a second sensed signal and a second
threshold signal and generate a second comparison signal.
The second sensed signal is associated with a first current
flowing through a primary winding coupled to the secondary
winding for the power converter. Also, the system includes a
second signal generator configured to receive at least the first
comparison signal and the second comparison signal and
generate a modulation signal, and a gate driver configured to
receive the modulation signal and output a drive signal to a
switch. The switch is configured to affect the first current
flowing through the primary winding. The output signal is
associated with a demagnetization duration, and the drive
signal is associated with a switching period. The system is
further configured to keep a ratio of the demagnetization
duration to the switching period constant.

According to yet another embodiment, a method or regu-
lating a power converter includes receiving a first sensed
signal. The first sensed signal is associated with a first wind-
ing coupled to a secondary winding for a power converter, and
the secondary winding is related to at least an output current
for the power converter. Additionally, the method includes
generating an output signal based on at least information
associated with the first sensed signal. The output signal is
related to demagnetization. Moreover, the method includes
receiving the output signal, generating a ramping signal based
on at least information associated with the output signal,
receiving the ramping signal and a first threshold signal,
processing information associated with the ramping signal
and the first threshold signal, and generating a first compari-
son signal based on at least information associated with the
ramping signal and the first threshold signal. Also, the method
includes receiving a second sensed signal and a second
threshold signal. The second sensed signal is associated with
a first current flowing through a primary winding coupled to
the secondary winding for the power converter. Additionally,
the method includes processing information associated with
the second sensed signal and the second threshold signal,
generating a second comparison signal based on at least infor-
mation associated with the second sensed signal and the sec-
ond threshold signal, receiving the first comparison signal
and the second comparison signal, processing information
associated with the first comparison signal and the second
comparison signal, and generating a modulation signal based
on at least information associated with the first comparison
signal and the second comparison signal. Moreover, the
method includes receiving the modulation signal, and output-
ting to a switch a drive signal based on at least information
associated with the modulation signal to affect the first cur-
rent flowing through the primary winding. The output signal
is associated with a demagnetization duration, and the drive
signal is associated with a switching period. A ratio of the
demagnetization duration to the switching period is kept con-
stant.

According to yet another embodiment, a system for regu-
lating a power converter includes a first signal generator
configured to receive at least an input signal and generate at
least an output signal associated with demagnetization, the
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input signal being related to at least an output current for a
power converter. Additionally, the system includes a first
controller configured to receive at least the output signal and
generate at least a first control signal based on at least infor-
mation associated with the output signal, and a second con-
troller configured to receive a first sensed signal and a first
threshold signal and generate a second control signal. The
first sensed signal is associated with a first current flowing
through a primary winding for the power converter. More-
over, the system includes an oscillator configured to receive at
least the first control signal and generate at least a clock signal
based on at least information associated with the first control
signal, and a second signal generator configured to receive at
least the clock signal and the second control signal and gen-
erate at least a modulation signal. Also, the system includes a
gate driver configured to receive at least the modulation signal
and output at least a drive signal to a switch. The switch is
configured to affect the first current flowing through the pri-
mary winding. The output signal is associated with a demag-
netization duration, and the drive signal is associated with a
switching period. The system is further configured to keep a
ratio of the demagnetization duration to the switching period
constant, and keep a peak of the first sensed signal constant in
magnitude.

According to yet another embodiment, a method for regu-
lating a power converter includes receiving at least an input
signal, and generating at least an output signal based on at
least information associated with the input signal. The input
signal is related to at least an output current for a power
converter, and the output signal is related to demagnetization.
Additionally, the method includes receiving at least the out-
put signal, processing information associated with the output
signal, and generating at least a clock signal based on at least
information associated with the output signal. Moreover, the
method includes receiving a sensed signal and a threshold
signal. The sensed signal is associated with a first current
flowing through a primary winding for the power converter.
Also, the method includes processing information associated
with the sensed signal and the threshold signal, generating a
control signal based on at least information associated with
the sensed signal and the threshold signal, receiving at least
the clock signal and the control signal, processing informa-
tion associated with the clock signal and the control signal,
and generating at least a modulation signal based on at least
information associated with the clock signal and the control
signal. Additionally, the method includes receiving at least
the modulation signal, and outputting to a switch at least a
drive signal based on at least information associated with the
modulation signal to affect the first current flowing through
the primary winding. The output signal is associated with a
demagnetization duration, and the drive signal is associated
with a switching period. A ratio of the demagnetization dura-
tion to the switching period is kept constant, and a peak of the
first sensed signal is kept constant in magnitude.

According to yet another embodiment, a system for regu-
lating a power converter includes a first signal generator
configured to receive a first sensed signal and generate a first
output signal associated with demagnetization. The first
sensed signal is associated with a first winding coupled to a
secondary winding for a power converter, and the secondary
winding is related to at least an output current for the power
converter. Additionally, the system includes a first ramping
signal generator configured to receive the first output signal
and generate a first ramping signal, and a first comparator
configured to receive the first ramping signal and a first
threshold signal and generate a first comparison signal based
on at least information associated with the first ramping sig-

10

15

20

25

30

35

40

45

50

55

60

65

12

nal and the first threshold signal. Moreover, the system
includes a peak detector configured to receive a drive signal
and a second sensed signal and generate a peak signal. The
second sensed signal is associated with a first current flowing
through a primary winding coupled to the secondary winding
for the power converter. Also, the system includes an ampli-
fier configured to receive the peak signal and a second thresh-
old signal and generate a second output signal with a capaci-
tor, the capacitor being coupled to the amplifier, and a second
comparator configured to receive the second output signal
and a second ramping signal and generate a second compari-
son signal. Additionally, the system includes a second signal
generator configured to receive at least the first comparison
signal and the second comparison signal and generate a
modulation signal, and a gate driver configured to receive the
modulation signal and output the drive signal to the peak
detector and a switch. The switch is configured to affect the
first current flowing through the primary winding.

According to yet another embodiment, a method for regu-
lating a power converter includes receiving a first sensed
signal. The first sensed signal is associated with a first wind-
ing coupled to a secondary winding for a power converter, and
the secondary winding is related to at least an output current
for the power converter. Additionally, the method includes
generating a first output signal based on at least information
associated with the first sensed signal, receiving the first
output signal, and generating a first ramping signal based on
at least information associated with the first output signal.
The first output signal is related to demagnetization. More-
over, the method includes receiving the first ramping signal
and a first threshold signal, processing information associated
with the first ramping signal and the first threshold signal,
generating a first comparison signal based on at least infor-
mation associated with the first ramping signal and the first
threshold signal, and receiving a drive signal and a second
sensed signal. The second sensed signal is associated with a
first current flowing through a primary winding coupled to the
secondary winding for the power converter. Also, the method
includes processing information associated with the drive
signal and the second sensed signal, generating a peak signal
based on at least information associated with the drive signal
and the second sensed signal, receiving the peak signal and a
second threshold signal, processing information associated
with the peak signal and the second threshold signal, and
generating a second output signal based on at least informa-
tion associated with the peak signal and the second threshold
signal. Additionally, the method includes receiving the sec-
ond output signal and a second ramping signal, processing
information associated with the second output signal and the
second ramping signal, and generate a second comparison
signal based on at least information associated with the sec-
ond output signal and the second ramping signal. Moreover,
the method includes receiving the first comparison signal and
the second comparison signal, processing information asso-
ciated with the first comparison signal and the second com-
parison signal, and generating a modulation signal based on at
least information associated with the first comparison signal
and the second comparison signal. Also, the method includes
receiving the modulation signal, and outputting the drive
signal based on at least information associated with the
modulation signal to affect the first current flowing through
the primary winding.

According to yet another embodiment, a system for regu-
lating a power converter includes a first signal generator
configured to receive a first sensed signal and generate an
output signal associated with demagnetization. The first
sensed signal is associated with a first winding coupled to a
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secondary winding for a power converter, and the secondary
winding is related to at least an output current for the power
converter. Additionally, the system includes a peak detector
configured to receive a drive signal and a second sensed signal
and generate a peak signal. The second sensed signal is asso-
ciated with a first current flowing through a primary winding
coupled to the secondary winding for the power converter.
Moreover, the system includes a second signal generator con-
figured to process at least information associated with the
output signal and the peak signal and generate a modulation
signal. Also, the system includes a gate driver configured to
receive the modulation signal and output the drive signal to
the peak detector and a switch. The switch is configured to
affect the first current flowing through the primary winding.
The output signal is associated with a demagnetization dura-
tion, and the drive signal is associated with a switching
period. The system is further configured to keep a ratio of the
demagnetization duration to the switching period constant,
and keep an average magnitude of the peak signal over a first
duration constant.

According to yet another embodiment, a method for regu-
lating a power converter includes receiving a first sensed
signal. The first sensed signal is associated with a first wind-
ing coupled to a secondary winding for a power converter, and
the secondary winding is related to at least an output current
for the power converter. Additionally, the method includes
generating an output signal based on at least information
associated with the first sensed signal, receiving a drive signal
and a second sensed signal, and processing information asso-
ciated with the drive signal and the second sensed signal. The
first sensed signal is related to demagnetization, and the sec-
ond sensed signal is associated with a first current flowing
through a primary winding coupled to the secondary winding
for the power converter. Moreover, the method includes gen-
erating a peak signal based on at least information associated
with the drive signal and the second sensed signal, processing
at least information associated with the output signal and the
peak signal, and generating a modulation signal based on at
least information associated with the output signal and the
peak signal. Also, the method includes receiving the modu-
lation signal, and outputting to a switch the drive signal based
on at least information associated with the modulation signal
to at least affect the first current flowing through the primary
winding. The output signal is associated with a demagnetiza-
tion duration, and the drive signal is associated with a switch-
ing period. A ratio of the demagnetization duration to the
switching period is kept constant, and an average magnitude
of the peak signal over a first duration is kept constant.

According to yet another embodiment, a system for regu-
lating a power converter includes a first signal generator
configured to receive a first sensed signal and generate a first
output signal associated with demagnetization. The first
sensed signal is related to a first winding coupled to a sec-
ondary winding for a power converter, and the secondary
winding is associated with at least an output current for the
power converter. Additionally, the system includes a peak
detector configured to receive a drive signal and a second
sensed signal and generate a peak signal. The second sensed
signal is associated with a first current flowing through a
primary winding coupled to the secondary winding for the
power converter. Moreover, the system includes a second
signal generator configured to receive the drive signal, the
first output signal, and the peak signal, and generate a second
output signal, and an amplifier configured to receive the sec-
ond output signal and a threshold signal and generate a third
output signal with a capacitor, the capacitor being coupled to
the amplifier. Also, the system includes a comparator config-
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ured to receive the third output signal and a ramping signal
and generate a comparison signal, and a third signal generator
configured to receive at least the comparison signal and a
clock signal and generate a modulation signal. Additionally,
the system includes a gate driver configured to receive the
modulation signal and output the drive signal to the peak
detector, the second signal generator and a switch. The switch
is configured to affect the first current flowing through the
primary winding.

According to yet another embodiment, a method for regu-
lating a power converter includes receiving a first sensed
signal. The first sensed signal is associated with a first wind-
ing coupled to a secondary winding for a power converter, and
the secondary winding is related to at least an output current
for the power converter. Additionally, the method includes
generating a first output signal associated with demagnetiza-
tion, and receiving a drive signal and a second sensed signal.
The second sensed signal is associated with a first current
flowing through a primary winding coupled to the secondary
winding for the power converter. Moreover, the method
includes processing information associated with the drive
signal and the second sensed signal, and generating a peak
signal based on at least information associated with the drive
signal and the second sensed signal. Also, the method
includes receiving the drive signal, the first output signal, and
the peak signal, processing information associated with the
drive signal, the first output signal, and the peak signal, and
generating a second output signal based on at least informa-
tion associated with the drive signal, the first output signal,
and the peak signal. Additionally, the method includes receiv-
ing the second output signal and a threshold signal, process-
ing information associated with the second output signal and
the threshold signal, and generating a third output signal
based on at least information associated with the second
output signal and the threshold signal. Moreover, the method
includes receiving the third output signal and a ramping sig-
nal, processing information associated with the third output
signal and the ramping signal, and generating a comparison
signal based on at least information associated with the third
output signal and the ramping signal. Also, the method
includes receiving the comparison signal and a clock signal,
processing information associated with the comparison sig-
nal and the clock signal, and generating a modulation signal
based on at least information associated with the comparison
signal and the clock signal. Additionally, the method includes
receiving the modulation signal, and outputting the drive
signal based on at least information associated with the
modulation signal to affect the first current flowing through
the primary winding.

According to yet another embodiment, a system for regu-
lating a power converter includes a first signal generator
configured to receive a first sensed signal and generate a first
output signal associated with demagnetization. The first
sensed signal is associated with a first winding coupled to a
secondary winding for a power converter, and the secondary
winding being related to at least an output current for the
power converter. Additionally, the system includes a peak
detector configured to receive a drive signal and a second
sensed signal and generate a peak signal. The second sensed
signal is associated with a first current flowing through a
primary winding coupled to the secondary winding for the
power converter, and a second signal generator configured to
receive the drive signal, the first output signal and the peak
signal, and generate a second output signal. Moreover, the
system includes an amplifier configured to receive the second
output signal and a threshold signal and generate a third
output signal with a capacitor, and a third signal generator
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configured to receive the third output signal and a first input
signal and generate a fourth output signal. The capacitor is
coupled to the amplifier, and the first input signal is propor-
tional to a second input signal received by the primary wind-
ing. Also, the system includes a comparator configured to
receive the fourth output signal and the second sensed signal
and generate a comparison signal, and a fourth signal genera-
tor configured to receive at least the comparison signal and a
clock signal and generate a modulation signal. Additionally,
the system includes a gate driver configured to receive the
modulation signal and output the drive signal to the peak
detector, the second signal generator, and a switch. The
switch is configured to affect the first current flowing through
the primary winding.

According to yet another embodiment, a method for regu-
lating a power converter includes receiving a first sensed
signal. The first sensed signal is associated with a first wind-
ing coupled to a secondary winding for a power converter, and
the secondary winding is related to at least an output current
for the power converter. Additionally, the method includes
generating a first output signal associated with demagnetiza-
tion, and receiving a drive signal and a second sensed signal.
The second sensed signal is associated with a first current
flowing through a primary winding coupled to the secondary
winding for the power converter. Moreover, the method
includes processing information associated with the drive
signal and a second sensed signal, and generating a peak
signal based on at least information associated with the drive
signal and the second sensed signal. Also, the method
includes receiving the drive signal, the first output signal, and
the peak signal, processing information associated with the
drive signal, the first output signal, and the peak signal, and
generating a second output signal based on at least informa-
tion associated with the drive signal, the first output signal,
and the peak signal. Additionally, the method includes receiv-
ing the second output signal and a threshold signal, process-
ing information associated with the second output signal and
the threshold signal, generating a third output signal based on
at least information associated with the second output signal
and the threshold signal, and receiving the third output signal
and a first input signal. The first input signal is proportional to
a second input signal received by the primary winding. More-
over, the method includes processing information associated
with the third output signal and the first input signal, gener-
ating a fourth output signal based on at least information
associated with the third output signal and the first input
signal, receiving the fourth output signal and the second
sensed signal, processing information associated with the
fourth output signal and the second sensed signal, and gener-
ating a comparison signal based on at least information asso-
ciated with the fourth output signal and the second sensed
signal. Also, the method includes receiving at least the com-
parison signal and a clock signal, processing information
associated with the comparison signal and the clock signal,
and generating a modulation signal based on at least infor-
mation associated with the comparison signal and the clock
signal. Additionally, the method includes receiving the modu-
lation signal, and outputting the drive signal based on at least
information associated with the modulation signal to affect
the first current flowing through the primary winding.

According to yet another embodiment, a system for regu-
lating a power converter includes a first signal generator
configured to receive a first sensed signal and generate a first
output signal associated with demagnetization. The first
sensed signal is associated with a first winding coupled to a
secondary winding for a power converter, and the secondary
winding is related to at least an output current for the power
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converter. Additionally, the system includes a peak detector
configured to receive a drive signal and a second sensed
signal. The second sensed signal is associated with a first
current flowing through a primary winding coupled to the
secondary winding for the power converter. Moreover, the
system includes a second signal generator configured to
receive the drive signal, the first output signal, and the peak
signal, and generate a second output signal, and an amplifier
configured to receive the second output signal and a threshold
signal and generate a third output signal with a capacitor, the
capacitor being coupled to the amplifier. Also, the system
includes a third signal generator configured to receive the first
sensed signal, the third output signal and the drive signal and
generate a fourth output signal, and a comparator configured
to receive the fourth output signal and the second sensed
signal and generate a comparison signal. Additionally, the
system includes a fourth signal generator configured to
receive at least the comparison signal and a clock signal and
generate a modulation signal, and a gate driver configured to
receive the modulation signal and output the drive signal to
the peak detector, the second signal generator, the third signal
generator, and a switch, the switch being configured to affect
the first current flowing through the primary winding.
According to yet another embodiment, a method for regu-
lating a power converter includes receiving a first sensed
signal. The first sensed signal is associated with a first wind-
ing coupled to a secondary winding for a power converter, and
the secondary winding is related to at least an output current
for the power converter. Additionally, the method includes
generating a first output signal associated with demagnetiza-
tion, and receiving a drive signal and a second sensed signal.
The second sensed signal is associated with a first current
flowing through a primary winding coupled to the secondary
winding for the power converter. Moreover, the method
includes processing information associated with the drive
signal and the second sensed signal, and generating a peak
signal based on at least information associated with the drive
signal and the second sensed signal. Additionally, the method
includes receiving the drive signal, the first output signal, and
the peak signal, processing information associated with the
drive signal, the first output signal, and the peak signal, and
generating a second output signal based on at least informa-
tion associated with the drive signal, the first output signal,
and the peak signal. Moreover, the method includes receiving
the second output signal and a threshold signal, processing
information associated with the second output signal and the
threshold signal, and generating a third output signal based on
at least information associated with the second output signal
and the threshold signal. Also, the method includes receiving
the first sensed signal, the third output signal and the drive
signal, processing information associated with the first
sensed signal, the third output signal and the drive signal, and
generating a fourth output signal based on at least information
associated with the first sensed signal, the third output signal
and the drive signal. Additionally, the method includes
receiving the fourth output signal and the second sensed
signal, processing information associated with the fourth out-
put signal and the second sensed signal, and generating a
comparison signal based on at least information associated
with the fourth output signal and the second sensed signal.
Moreover, the method includes receiving the comparison sig-
nal and a clock signal, processing information associated with
the comparison signal and the clock signal, and generating a
modulation signal based on at least information associated
with the comparison signal and the clock signal. Also, the
method includes receiving the modulation signal, and output-
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ting the drive signal based on at least information associated
with the modulation signal to affect the first current flowing
through the primary winding.

According to yet another embodiment, a system for regu-
lating a power converter includes a first signal generator
configured to receive a first sensed signal and generate an
output signal associated with demagnetization. The first
sensed signal is associated with a first winding coupled to a
secondary winding for a power converter, and the secondary
winding is related to at least an output current for the power
converter. Additionally, the system includes a peak detector
configured to receive a drive signal and a second sensed signal
and generate a peak signal. The second sensed signal is asso-
ciated with a first current flowing through a primary winding
coupled to the secondary winding for the power converter.
Moreover, the system includes a second signal generator con-
figured to process at least information associated with the
output signal and the peak signal and generate a modulation
signal, and a gate driver configured to receive the modulation
signal and output the drive signal to at least the peak detector
and a switch. The switch is configured to affect the first
current flowing through the primary winding. The drive sig-
nal is associated with a switching period, and the output
signal is associated with a demagnetization duration. The
demagnetization duration multiplied by the peak signal in
magnitude is equal to a demagnetization peak value. The
system is further configured to keep the switching period
constant, keep an average magnitude of the demagnetization
peak value over a first duration constant, and keep the output
current constant.

According to yet another embodiment, a method for regu-
lating a power converter includes receiving a first sensed
signal. The first sensed signal is associated with a first wind-
ing coupled to a secondary winding for a power converter, and
the secondary winding is related to at least an output current
for the power converter. Additionally, the method includes
generating an output signal associated with demagnetization,
and receiving a drive signal and a second sensed signal. The
second sensed signal is associated with a first current flowing
through a primary winding coupled to the secondary winding
for the power converter. Moreover, the method includes pro-
cessing information associated with the drive signal and the
second sensed signal, generating a peak signal based on at
least information associated with the drive signal and the
second sensed signal, processing information associated with
the output signal and the peak signal, and generating a modu-
lation signal based on at least information associated with the
output signal and the peak signal. Also, the method includes
receiving the modulation signal, and outputting the drive
signal based on at least information associated with the
modulation signal to affect the first current flowing through
the primary winding. The drive signal is associated with a
switching period, and the output signal is associated with a
demagnetization duration. The demagnetization duration
multiplied by the peak signal in magnitude is equal to a
demagnetization peak value. The switching period is kept
constant, an average magnitude of the demagnetization peak
value over a first duration is kept constant, and the output
current is kept constant.

Depending upon embodiment, one or more of these ben-
efits may be achieved. These benefits and various additional
objects, features and advantages of the present invention can
be fully appreciated with reference to the detailed description
and accompanying drawings that follow.

4. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified conventional diagram for a switch-
mode flyback power conversion system with secondary-side
control.
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FIG. 2 is a simplified conventional diagram showing char-
acteristics of output voltage and output current of a flyback
power conversion system

FIG. 3 is a simplified conventional diagram for a switch-
mode flyback power conversion system with primary-side
sensing and regulation.

FIG. 4 is another simplified conventional diagram for a
switch-mode flyback power conversion system with primary-
side sensing and regulation.

FIG. 5 is yet another simplified conventional diagram for a
switch-mode flyback power conversion system with primary-
side sensing and regulation.

FIG. 6 is a simplified diagram showing a conventional
operation mechanism for the flyback power conversion sys-
tem.

FIG. 7 is a simplified diagram for a switch-mode power
conversion system with primary-side sensing and regulation
according to an embodiment of the present invention.

FIG. 8 is a simplified timing diagram for signal sampling
and holding as performed by a component as part of the
switch-mode power conversion system according to an
embodiment of the present invention.

FIG. 9 is a simplified diagram showing certain components
for output voltage regulation by the switch-mode power con-
version system according to an embodiment of the present
invention.

FIG. 10 is a simplified diagram showing certain devices for
generating the Demag signal for a component as part of the
switch-mode power conversion system according to an
embodiment of the present invention.

FIG. 11 is a simplified diagram showing certain devices for
generating the Sampling_clk signal for a component as part
of'the switch-mode power conversion system according to an
embodiment of the present invention.

FIG. 12 is a simplified timing diagram for generating the
Sampling_clk signal by a component as part of the switch-
mode power conversion system according to an embodiment
of the present invention.

FIG. 13 is a simplified timing diagram for the switch-mode
power conversion system according to another embodiment
of the present invention.

FIG. 14(a) is a simplified diagram showing certain devices
for a component and an error amplifier as parts of the switch-
mode power conversion system according to an embodiment
of the present invention.

FIG. 14(b) is a simplified diagram showing certain devices
fora current source as part of a component in the switch-mode
power conversion system according to an embodiment of the
present invention.

FIG. 15(a) is a simplified diagram showing certain devices
for a component and an error amplifier as parts of the switch-
mode power conversion system according to another embodi-
ment of the present invention.

FIG. 15(b) is a simplified diagram showing certain devices
fora current source as part of a component in the switch-mode
power conversion system according to an embodiment of the
present invention.

FIG. 16 is a simplified diagram showing CMOS implemen-
tation of a component and an error amplifier as parts of the
switch-mode power conversion system according to an
embodiment of the present invention.

FIG.17 is a simplified diagram showing certain devices for
a component as a part of the switch-mode power conversion
system according to an embodiment of the present invention.

FIG. 18 is a simplified diagram showing certain devices for
a component for constant output current (CC) control as part
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of'the switch-mode power conversion system according to an
embodiment of the present invention.

FIG. 19 is a simplified timing diagram for generating the
D2C signal by a pulse copy circuit as part of the switch-mode
power conversion system according to an embodiment of the
present invention.

FIG. 20 is a simplified diagram showing certain devices for
a component for current sensing (CS) peak regulation as part
of the switch-mode power conversion system 500 according
to an embodiment of the present invention.

FIG. 21 is a simplified diagram for a switch-mode power
conversion system with primary-side sensing and regulation
according to yet another embodiment of the present inven-
tion.

FIG. 22 is a simplified diagram for the demagnetization
detection component as part of the switch-mode power con-
version system according to an embodiment of the present
invention.

FIG. 23 is a simplified timing diagram for the switch-mode
power conversion system including the demagnetization
detection component as shown in FIGS. 21 and 22 according
to an embodiment of the present invention.

FIG. 24 is a simplified diagram for a switch-mode power
conversion system with primary-side sensing and regulation
according to another embodiment of the present invention.

FIG. 25 is a simplified diagram showing certain devices for
the component for current sensing (CS) peak regulation as
part of the switch-mode power conversion system according
to an embodiment of the present invention.

FIG. 26 is a simplified timing diagram for the switch-mode
power conversion system according to an embodiment of the
present invention.

FIG. 27 is a simplified timing diagram for the component
for current sensing (CS) peak regulation as part of the switch-
mode power conversion system respectively according to
certain embodiments of the present invention.

FIG. 28 is a simplified diagram for a switch-mode power
conversion system with primary-side sensing and regulation
according to yet another embodiment of the present inven-
tion.

FIG. 29 is a simplified timing diagram for the switch-mode
power conversion system according to an embodiment of the
present invention.

FIG. 30 is a simplified diagram for the cycle-by-cycle peak
generator as part of the power conversion system according to
an embodiment of the present invention.

FIG. 31 is a simplified timing diagram for the cycle-by-
cycle peak generator as part of the switch-mode power con-
version system according to an embodiment of the present
invention.

FIG. 32 is a simplified diagram for a switch-mode power
conversion system with primary-side sensing and regulation
according to yet another embodiment of the present inven-
tion.

FIG. 33 is a simplified diagram for a switch-mode power
conversion system with primary-side sensing and regulation
according to yet another embodiment of the present inven-
tion.

FIG. 34 is a simplified diagram for the integrator as part of
the power conversion system according to an embodiment of
the present invention.

FIG. 35 is a simplified timing diagram for the switch-mode
power conversion system including the integrator as shown in
FIGS. 33 and 34 according to an embodiment of the present
invention.
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FIG. 36 is a simplified diagram for the oscillator as part of
the power conversion system according to an embodiment of
the present invention.

FIG. 37 is a simplified timing diagram for the switch-mode
power conversion system according to an embodiment of the
present invention.

FIG. 38 is a simplified timing diagram for certain currents
of'the switch-mode power conversion system according to an
embodiment of the present invention.

FIG. 39 is a simplified diagram for a switch-mode power
conversion system with primary-side sensing and regulation
according to yet another embodiment of the present inven-
tion.

FIG. 40 is a simplified diagram for the switch-mode power
conversion system used to power light emitting diodes
according to yet another embodiment of the present inven-
tion.

FIG. 41 is a simplified diagram for a switch-mode power
conversion system with primary-side sensing and regulation
according to yet another embodiment of the present inven-
tion.

FIG. 42 is a simplified timing diagram for the switch-mode
power conversion system according to an embodiment of the
present invention.

FIG. 43 is a simplified diagram for the switch-mode power
conversion system used to power light emitting diodes
according to yet another embodiment of the present inven-
tion.

FIG. 44 is a simplified diagram for a switch-mode power
conversion system with primary-side sensing and regulation
according to yet another embodiment of the present inven-
tion.

FIG. 45 is a simplified diagram for the switch-mode power
conversion system used to power light emitting diodes
according to yet another embodiment of the present inven-
tion.

5. DETAILED DESCRIPTION OF THE
INVENTION

The present invention is directed to integrated circuits.
More particularly, the invention provides systems and meth-
ods for constant voltage mode and constant current mode.
Merely by way of example, the invention has been applied to
a flyback power converter with primary-side sensing and
regulation. But it would be recognized that the invention has
a much broader range of applicability.

FIG. 7 is a simplified diagram for a switch-mode power
conversion system with primary-side sensing and regulation
according to an embodiment of the present invention. This
diagram is merely an example, which should not unduly limit
the scope of the claims. One of ordinary skill in the art would
recognize many variations, alternatives, and modifications.

A switch-mode power conversion system 500 includes a
primary winding 502, a secondary winding 504, and an aux-
iliary winding 506. Additionally, the conversion system 500
includes resistors 510, 512, and 580. Moreover, the conver-
sion system 500 includes a capacitor 526, a switch 550, and a
diode 554. Also, the conversion system 500 includes the
following components:

a component 520 for generating a Demag signal and a

Sampling_clk signal;

a component 522 for sampling and holding one or more

signals;

an error amplifier 524;

a component 532 for load compensation;

a component 534 for constant voltage (CV) control;
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a component 538 for generating a PWM/PFM modulation

signal;

acomponent 540 for current sensing (CS) peak regulation;

a component 542 for constant current (CC) control;

a component 546 for generating a gate drive signal;

an oscillator 562; and

a component 568 for feed forward.

In one embodiment, the components 520, 522, 532, 534,
538, 540, 542, 546, and 568, the error amplifier 524, and the
oscillator 562 are located on a chip 590. For example, the chip
590 includes at least terminals 516, 530, 552, and 566.
Although the above has been shown using a selected group of
components for the system 500, there can be many alterna-
tives, modifications, and variations. For example, some of the
components may be expanded and/or combined. Other com-
ponents may be inserted to those noted above. Depending
upon the embodiment, the arrangement of components may
be interchanged with others replaced. For example, the sys-
tem 500 is a switch-mode flyback power conversion system.
Further details of these components are found throughout the
present specification and more particularly below.

As shown in FIG. 7, an output voltage V. is sensed by the
primary side of the conversation system 500 according to an
embodiment of the present invention. For example, the sens-
ing of the output voltage V_,,, depends at least in part on the
ratio of turns between the secondary winding 504 and the
auxiliary winding 506. For example, the secondary winding
504 is coupled tightly to the auxiliary winding 506. In another
example, the secondary winding 504 sends a signal 556 to the
diode 554, and is coupled to the output of the conversion
system 500 through the diode 554.

In one embodiment, an output signal 508 of the auxiliary
winding 506 is represented by V . In another embodiment,
the output signal 508 is processed by a voltage divider includ-
ing the resistor 510 (i.e., R,) and the resistor 512 (i.e., R,).
From the voltage divider, an output signal 514 (i.e., V) is
fed into the terminal 516 (i.e., the terminal INV). For
example, the output signal 514 is load compensated by the
component 532. In another example, the compensated signal
514 is fed into both the components 520 and 522.

According to an embodiment, the component 532 includes
one or more devices as shown in FIGS. 14(a), 14(b), 15(a),
and/or 15(b). According to another embodiment, the compo-
nent 520 includes certain devices as shown in FIGS. 10 and
11. For example, the component 520 outputs the
Sampling_clk signal to the component 522. Using the Sam-
pling_clk signal, the component 522 generates a Holding_clk
signal.

In one embodiment, the component 522 samples the com-
pensated signal 514 based on the Sampling_clk signal, and
holds the sampled signal based on the Holding_clk signal. For
example, the component 522 samples the compensated signal
514 near the end of de-magnetization and holds the sampled
signal until the next sampling. In another example, the sam-
pling and holding process is shown in FIG. 8.

Also as shown in FIG. 7, a sampled and held signal V.,
is sent from the component 522 to the error amplifier 524.
According to certain embodiments, the component 524
includes some devices as shown in FIGS. 14(a), 14(b), 15(a),
and/or 15(b). The error amplifier 524 also receives a reference
signal V, . For example, the reference signal V,_.is compen-
sated based on the output loading of the conversion system
500. In another example, the signal V. is compared with
the reference signal V,; and their difference is amplified by
the error amplifier 524. In one embodiment, the error ampli-
fier 524 generates an output signal 528 with the capacitor 526.
For example, the capacitor 526 is connected to the error
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amplifier 524 through the terminal 530 (i.e., the terminal
COMP). In another example, the output signal 528 (i.e.,
V conr) reflects the load condition. In yet another example,
V conr 18 Used to affect the PWM/PFM switching frequency
and the PWM/PFM pulse width in order to regulate the output
voltage V_,,,.

As shown in FIG. 7, the output signal 528 is sent to the
components 532 and 534. For example, the component 534
keeps the output voltage V_, constant in the constant voltage
(CV) mode. In another example, the component 534 sends a
control signal 536 to the component 538 and a control signal
558 to the oscillator 562. In response, the oscillator 562
outputs a clock signal 560 to the component 538.

Additionally, in one embodiment, the error amplifier 524
also outputs a signal 570 to the component 568, which, in
response, generates and sends a signal 572 to the component
534. In another embodiment, the component 534 receives
both the signal 572 and the signal 528.

As shown in FIG. 7, the component 520 also sends a
Demag signal to the component 542, which also receives the
signal V. In response, the component 542 outputs a con-
trol signal 592. According to an embodiment, the control
signal 592 is used to keep an output current I, constantin the
constant current (CC) mode. For example, the component 542
includes one or more devices as shown in FIG. 17. In another
example, the component 542, through the oscillator 562,
locks the switching frequency according to the primary-
winding inductance and thus compensates for the variations
in primary-winding inductance. In yet another example, the
output current I, in the constant current (CC) mode is made
independent of primary-winding inductance.

According to one embodiment, the component 538
receives at least the signals 560, 536 and 592 and a signal 574
from the component 540. The component 540 receives
Vth_oc in addition to a signal 564 from the terminal 566 (i.e.,
the terminal CS). For example, Vth_oc represents a predeter-
mined threshold voltage level. In another example, the signal
564 is a voltage signal. In response, the component 538 out-
puts a control signal 544 to the component 546, which in turns
sends a drive signal 548 to the switch 550. For example, the
control signal 544 is a modulation signal. In another example,
the switch is a power MOSFET. In yet another example, the
switch is a power BJT. In yet another example, the switch is
connected to the component 546 through the terminal 552
(i.e., the terminal Gate). In yet another example, the drive
signal 548 is represented by V...

According to one embodiment, the control signal 544 is
used to determine the turn-on time and the switching fre-
quency for PWM/PFM control. For example, the larger mag-
nitude of V ;- results in longer turn-on time and thus higher
level of power delivered to the output. In another example, the
larger magnitude of V o, results in higher switching fre-
quency and thus higher level of power delivered to the output.
According to another embodiment, the turn-on time for
PWM/PFM control is determined by the component 538, and
the switching frequency for PWM/PFM control is determined
by the oscillator 562.

As discussed above and further emphasized here, FIG. 7 is
merely an example, which should not unduly limit the scope
of'the claims. One of ordinary skill in the art would recognize
many variations, alternatives, and modifications. For
example, the conversion system 500 includes one or more
components that are not shown in FIG. 5. In another example,
the conversion system 500 includes one or more connections
that are not shown in FIG. 5. In yet another example, the
conversion system 500 includes one or more components that
are different from ones shown in FIG. 5. In yet another
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example, the conversion system 500 includes one or more
connections that are different from ones shown in FIG. 5. In
yet another example, the capacitor 526 can be replaced by
another circuit for loop stabilization compensation.

FIG. 8 is a simplified timing diagram for signal sampling
and holding as performed by the component 522 as part of the
switch-mode power conversion system 500 according to an
embodiment of the present invention. This diagram is merely
an example, which should not unduly limit the scope of the
claims. One of ordinary skill in the art would recognize many
variations, alternatives, and modifications.

As shown in FIG. 8, the waveform 610 represents V,,, as
a function of time, the waveform 620 represents V - as a
function of time, the waveform 630 represents V- as a
function of time, and the waveform 660 represents V,,,,,, as a
function of time. Additionally, the waveform 640 represents
the Sampling_clk signal as a function of time, and the wave-
form 650 represents the Holding_clk signal as a function of
time.

Referring to FIG. 7, the signal V,,, as shown by the
waveform 610 is sent to the switch 550. For example, after the
switch 550 is turned off by V., the energy stored in the
primary winding 502 is transferred to both the auxiliary wind-
ing 506 and the secondary winding 504 according to an
embodiment of the present invention. In another example, the
signal V .- as shown by the waveform 620 resembles the
signal 556 at the secondary winding 504. In one embodiment,
the signal 556 reflects the output voltage V. near the end of
each de-magnetization period. In yet another example, the
signal V- as shown by the waveform 630 resembles the
signal V ;- as shown by the waveform 620 during each
de-magnetization period.

Additionally, the waveform 640 shows that pulses of the
Sampling_clk signal are generated at ends of de-magnetiza-
tion periods according to an embodiment of the present inven-
tion. According to another embodiment, the waveform 650
shows that pulses of the Holding_clk signal are generated at
ends of the de-magnetization periods.

As shown by the waveform 630, the signal V,;-is sampled
at the falling edges of the Sampling_clk signal and held
during the rest of clock periods according to an embodiment.
For example, the sampled and held values for the signal V-
is used to generate the signal V.. In another example, the
signal amplitude V, reflects the output voltage of the compo-
nent 522.

As discussed above and further emphasized here, FIG. 8 is
merely an example, which should not unduly limit the scope
of'the claims. One of ordinary skill in the art would recognize
many variations, alternatives, and modifications. For
example, V,, changes from one sampling clock period to
another sampling clock period, so V,,,,, also changes in mag-
nitude from one sampling clock period to another sampling
clock period.

FIG.9is asimplified diagram showing certain components
for output voltage regulation by the switch-mode power con-
version system 500 according to an embodiment of the
present invention. This diagram is merely an example, which
should not unduly limit the scope of the claims. One of
ordinary skill in the art would recognize many variations,
alternatives, and modifications.

As shown in FIGS. 7 and 9, the voltage divider receives the
signal 508 from the auxiliary winding 506, and outputs the
signal 514 to the terminal INV according to an embodiment.
In another embodiment, the signal 514 is load compensated
by the component 532. The compensated signal 514 is fed
into both the components 520 and 522.
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For example, the component 522 samples the compensated
signal 514 near the end of de-magnetization and hold the
sampled signal until the next sampling. The sampled and held
signal V., is sent from the component 522 to the error
amplifier 524, which also receives a reference signal V., The
signal V., is compared with the reference signal V,_; and
their difference is amplified by the error amplifier 524.

In one embodiment, the error amplifier 524 generates an
output signal 528 with the capacitor 526. For example, the
capacitor 526 is connected to the error amplifier 524 through
the terminal 530 (i.e., the terminal COMP). In another
example, the output signal 528 (i.e., V- ,,p) reflects the load
condition and affects the PWM/PFM switching frequency
and the PWM/PFM pulse width in order to regulate the output
voltage V_,,,.

As shown in FIGS. 7 and 9, the output signal 528 (i.e.,
V conp) 18 sent to the component 534 according to an embodi-
ment. For example, the component 534 sends a control signal
536 to the component 538 and a control signal 558 to the
oscillator 562. In one embodiment, the control signal 558 is
the current injected into the oscillator 562. In response, the
oscillator 562 processes the control signal 558 in order to
determine the frequency of the clock signal 560, and also
outputs the clock signal 560 to the component 538. In another
example, the component 538 receives both the signals 560
and 536, and outputs a control signal 544 to the component
546. The component 546 processes the control signal 544 in
order to determine both the PWM/PFM switching frequency
and the PWM/PFM pulse width. In one embodiment, the
PWM/PFM pulse width is used to determine the current of the
primary winding 502. The current of the primary winding 502
and the PWM/PFM switching frequency together are used to
regulate the output voltage and maintain its constant magni-
tude in the CV mode.

According to one embodiment, if the magnitude of V., ,»
is smaller than a predetermined value, the power conversion
system 500 is in the CV mode. For example, if the voltage
V samp 18 €qualtoV, in magnitude, V ¢ o, s smaller than the
predetermined value. In the CV mode, V 5, 1s used to
adjust the PWM/PFM switching frequency, and/or pulse
width. For example, the PWM/PFM switching frequency and
the PWM/PFM pulse width both are controlled in order to
keep the output voltage V,_,,, constant.

According to another embodiment, if the magnitude of
V cone €Xceeds the predetermined value, the power conver-
sion system 500 is in the CC mode. For example, ifthe voltage
Vsump 18 lower than V__in magnitude, V o, would exceed
the predetermined value. In the CC mode, to regulate the
output current 1,,,, the voltage V. is used to control the
switching frequency. For example, the PWM/PFM switching
frequency is linearly proportional to V,,,,,, which in turn is
proportional to the output voltage V..

As discussed above, referring to FIG. 7, the component 520
includes devices as shown in FIGS. 10 and 11 according to
some embodiments of the present invention.

FIG. 10 is a simplified diagram showing certain devices for
generating the Demag signal for the component 520 as part of
the switch-mode power conversion system 500 according to
an embodiment of the present invention. This diagram is
merely an example, which should not unduly limit the scope
of'the claims. One of ordinary skill in the art would recognize
many variations, alternatives, and modifications.

As shown in FIGS. 7 and 10, the signal V ;- is received by
the component 520 and is compared with two threshold volt-
ages. One threshold voltage is V,,,;, and the other threshold
voltage is V., ,,,,—V - V1 and V5 are predetermined con-

samp

stants, and V. is the previously sampled voltage received
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from the component 522. Based at least in part on the com-
parison between the signal V ;- and the two threshold volt-
ages, the Demag signal is generated. For example, the de-
magnetization period is detected in order to generate the
Demag signal.

FIG. 11 is a simplified diagram showing certain devices for
generating the Sampling_clk signal for the component 520 as
part of the switch-mode power conversion system 500
according to an embodiment of the present invention. This
diagram is merely an example, which should not unduly limit
the scope of the claims. One of ordinary skill in the art would
recognize many variations, alternatives, and modifications.

As shown in FIG. 10, the Demag signal is generated. Based
at least in part on the Demag signal, other signals P,,, P, .,
S ets Sypeas Sampl and Samp?2 are also generated as shown in
FIG. 11. The duration information for the Demag signal is
stored by integrators. For example, the integrators include
switches and capacitors 910 and 920 (i.e., capacitors C1 and
C2 respectively). In another example, the voltages for the
capacitors C1 and C2 are V., at the node 912 and V ., at the
node 922, respectively.

In one embodiment, the switches are controlled by the
signals P,,,; and P,,,. In another embodiment, the stored dura-
tion information for the Demag signal is used to determine the
timing for the next pulse of the Sampling_clk signal. For
example, the next pulse of the Sampling_clk signal appears
right before the end of the de-magnetization period as shown
in FIG. 8. Additionally, the width of the next pulse is deter-
mined by a one-shot device 930.

FIG. 12 is a simplified timing diagram for generating the
Sampling_clk signal by the component 520 as part of the
switch-mode power conversion system 500 according to an
embodiment of the present invention. This diagram is merely
an example, which should not unduly limit the scope of the
claims. One of ordinary skill in the art would recognize many
variations, alternatives, and modifications.

As shown in FIG. 12, the waveform 1010 represents the
Sampling_clk signal as a function of time, the waveform 1020
represents the Tpau signal as a function of time, and the
waveform 1030 represents the Samp1 signal as a function of
time. Additionally, the waveform 1040 represents V., as a
function of time. Also, the waveform 1050 represents the
S .o signal as a function of time, the waveform 1060 repre-
sents the P, ; signal as a function of time, and the waveform
1070 represents the Demag signal as a function of time. For
example, the Sampling clk signal, the Tpau signal, the
Sampl signal, the S, ., signal, the P,,,, signal, and the Demag
signal

According to one embodiment, the timing of the
Sampling_clk signal is determined based on timing and dura-
tion of the Demag signal in the previous period, and the P,,,;
and P,,, signals are each generated based at least in part on
duration of the Demag signal in the current period. For
example, the duration of the Demag signal is the pulse width
of the Demag signal as shown in FIG. 12. According to
another embodiment, the Samp1 signal has the same pulse
width as the Samp2 signal. For example, the pulse width is
equal to the time interval between turning off the switch 550
and the next sampling. In another example, the Samp1 and
Samp2 signals are used to determine the timing for the Sam-
pling_clk signal.

In one embodiment, the relationship between the P, , sig-
nal and the Samp2 signal can be described by the difference
equation below.

PP, (= 1)-0r*Samp, (k-1)-4*(k)=Samp, (k) ©
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where P,,, represents the P,,,; signal, and Samp, represents
the Samp?2 signal. The relationship can be further described
by the following Z-transform:

PP (DZY — s Samp,(Z)Z7" — A = Samp,(Z) and (10)

BePu@Z! ~4 an

Samp,(Z) =

l+axz!
_ BxPm @7 A
T T ltaxzt  T+axz!
where A is a constant initial value.
Additionally, the second term
TraiT - 0 (time - oo);
therefore
s B« Py Z” (12)
ampy = l+asxz!

From Equation 12, it can be seen that the pulse width for the
Samp2 signal is updated every cycle according to the duration
of'the Demag signal in the previous period.

FIG. 13 is a simplified timing diagram for the switch-mode
power conversion system 500 according to another embodi-
ment of the present invention. This diagram is merely an
example, which should not unduly limit the scope of the
claims. One of ordinary skill in the art would recognize many
variations, alternatives, and modifications.

As shown in FIG. 13, the waveform 1110 represents V, , as
a function of time, the waveform 1120 represents V- as a
function of time, and the waveform 1130 represents the
Demag signal as a function of time. Additionally, the wave-
form 1140 represents the voltage level for the signal 564 at the
terminal CS as a function of time, and the waveform 1150
represents the signal 548 at the terminal Gate as a function of
time.

As discussed above, referring to FIG. 7, the component 532
includes one or more devices as shown in FIGS. 14(a), 14(b),
15(a), and/or 15(b), and the component 524 includes some
devices as shown in FIGS. 14(a), 14(b), 15(a), and/or 15(5)
according to certain embodiments of the present invention.

FIG. 14(a) is a simplified diagram showing certain devices
for the component 532 and the error amplifier 524 as parts of
the switch-mode power conversion system 500 according to
an embodiment of the present invention. This diagram is
merely an example, which should not unduly limit the scope
of'the claims. One of ordinary skill in the art would recognize
many variations, alternatives, and modifications.

As shown in FIG. 14(a), the component 532 includes a
current source 1230, and the error amplifier 524 includes a
component 1210 and a transconductance amplifier 1220. For
example, the component 1210 determines the difference
between two input signals in magnitude.

For example, the component 1210 receives the voltage
signal V. and the reference signal V, -and generates the

signal 57567{;5h0 se magnitude is equal oV, V... Inanother

samp
example, the transconductance amplifier 1220 amplifies the
signal 570 to generate the output signal 528. According to one

embodiment, the output signal 528 is received by the capaci-
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tor 526. For example, the capacitor 526 serves as a low-pass
filter for the closed loop. Additionally, the component 568 as
apart of a feed forward path provides a zero to the closed loop
in order to improve operation stability of the conversion sys-
tem 500.

The current source 1230 generates a current [_COM-
PEN_P that varies with the output loading. The current
1I_COMPEN_P flows through the terminal INV and the resis-
tor 512. For example, the current I COMPEN_P is used to
compensate for voltage drop from the cable and other voltage
loss that vary with the output current I_,,. In another example,
the I_COMPEN_P current reaches its maximum at no load
condition, and becomes zero at full load condition.

According to one embodiment, with load compensation,
the output voltage V,,,,, can be expressed as follows.

1 13
Vi = k- Vg + = Vpy —k-T_COMPEN_P-(R, // R;) 13
n

where n is the ratio of turns between the auxiliary winding
506 and the secondary winding 504. Additionally, V,, is the
forward diode drop voltage for the diode 554, and

R+ R 14
o Btk 14)

n-R,

For example, the last term in Equation 13 represents a
compensation factor for canceling the voltage drop from the
cable.

FIG. 14(b) is a simplified diagram showing certain devices
for the current source 1230 as part of the component 532 in
the switch-mode power conversion system 500 according to
an embodiment of the present invention. This diagram is
merely an example, which should not unduly limit the scope
of'the claims. One of ordinary skill in the art would recognize
many variations, alternatives, and modifications.

Referring to FIG. 14(a), the component 532 includes the
current source 1230. As shown in FIG. 14(b), the current
source 1230 includes a voltage-to-current converter 1240, a
constant current source 1250, and a component 1260. For
example, the component 1260 determines the difference
between two input signals in magnitude.

For example, the signal 528 (i.e.,V - 5,,p) is received by the
voltage-to-current converter 1240 and converted into a cur-
rent [_COMPEN. In another example, the constant current
source 1250 generates a constant current Icc. Both the cur-
rents Icc and I_COMPEN are received by the component
1260, which generates the current I_COMPEN_P. In one
embodiment, the current I COMPEN_P is equal to Icc-
I_COMPEN. In another embodiment, if V,,,» becomes
larger, the current I_COMPEN_P becomes smaller.

FIG. 15(a) is a simplified diagram showing certain devices
for the component 532 and the error amplifier 524 as parts of
the switch-mode power conversion system 500 according to
another embodiment of the present invention. This diagram is
merely an example, which should not unduly limit the scope
of'the claims. One of ordinary skill in the art would recognize
many variations, alternatives, and modifications.

As shown in FIG. 15(a), the component 532 includes a
current sink 1330, and the error amplifier 524 includes a
component 1310 and a transconductance amplifier 1320. For
example, the component 1310 determines the difference
between two input signals in magnitude.
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For example, the component 1310 receives the voltage
signal V. and the reference signal V, -and generates the
signal 570 whose magnitude is equalto 'V, -V, .. In another
example, the transconductance amplifier 1320 amplifies the
signal 570 and generates the output signal 528. According to
one embodiment, the output signal 528 is received by the
capacitor 526. For example, the capacitor 526 serves as a
low-pass filter for the closed loop. Additionally, the compo-
nent 568 as a part of a feed forward path provides a zero to the
closed loop in order to improve operation stability of the
conversion system 500.

The current sink 1330 generates a current |_COMPEN_N
that varies with the output loading. The current I_COM-
PEN_N flows from the resistor 510 and the terminal INV. For
example, the current _ COMPEN_N is used to compensate
for voltage drop from the cable and other voltage loss that
vary with the output current I_,,. In another example, the
I COMPEN_N current reaches its maximum at full load
condition, and becomes zero at no load condition.

FIG. 15(b) is a simplified diagram showing certain devices
for the current sink 1330 as part of the component 532 in the
switch-mode power conversion system 500 according to an
embodiment of the present invention. This diagram is merely
an example, which should not unduly limit the scope of the
claims. One of ordinary skill in the art would recognize many
variations, alternatives, and modifications.

Referring to FIG. 15(a), the component 532 includes the
current sink 1330. As shown in FIG. 15(5), the current sink
1330 includes a voltage-to-current converter 1340 and a cur-
rent mirror including transistors 1350 and 1360. For example,
the signal 528 (i.e., Voup) 18 received by the voltage-to-
current converter 1340 and converted into a current I_COM-
PEN. In another example, the current I_COMPEN is received
by the current mirror, which generates the current I_COM-
PEN_N. In one embodiment, the current I_COMPEN_N is
equal to mxI_COMPEN, and m is a positive integer. In
another embodiment, if V ,,,» becomes larger, the current
I_COMPEN_N also becomes larger.

FIG. 16 is a simplified diagram showing CMOS implemen-
tation of the component 568 and the error amplifier 524 as
parts of the switch-mode power conversion system 500
according to an embodiment of the present invention. This
diagram is merely an example, which should not unduly limit
the scope of the claims. One of ordinary skill in the art would
recognize many variations, alternatives, and modifications.

FIG.17 is a simplified diagram showing certain devices for
the component 542 as a part of the switch-mode power con-
version system 500 according to an embodiment of the
present invention. This diagram is merely an example, which
should not unduly limit the scope of the claims. One of
ordinary skill in the art would recognize many variations,
alternatives, and modifications.

As shown in FIG. 17, the component 542 includes a volt-
age-to-current converter 1510, a component 1520, and a
phase-lock loop 1530. For example, the component 1520
determines the difference between two input signals in mag-
nitude. In another example, the component 1520 receives a
signal 1512 from the voltage-to-current converter 1510 and a
signal 1534 from the phase-lock loop 1530, and outputs a
signal 1522 representing the difference between the signal
1512 and the signal 1534 in magnitude.

As shown in FIGS. 7 and 17, the component 522 samples
the signal 514 and generates the signal V.. Additionally,
the Demag signal is generated by the component 520. In one
embodiment, the duration of the Demag signal is proportional
to the current of the primary winding 502 and also to the
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current of the secondary winding 504. For example, the dura-
tion of the Demag signal is the pulse width of the Demag
signal as shown in FIG. 12.

In one embodiment, if the signal vV, is smaller than the
signal V,-in magnitude, the magnitude of v, exceeds the
predetermined value, and the power conversion system 500 is
inthe CC mode. For example, the magnitude of vV, reaches
its maximum, and the CC mode is detected. In another
embodiment, in CC mode, the PWM/PFM switching fre-
quency is controlled by the voltage V.. For example, the

PWM/PFM switching frequency is linearly proportional to
Vv which in turn is proportional to the output voltage V..

samp?
For example, in CC mode, V,, under discontinuous con-
duction mode (DCM) is given by the following equation:

1 R (15)
Po=Voxlo= EULPFSWI;?

where Po represents the output power of the conversion
system 500. Additionally, Vo and Io represent the output
voltage V_,, and the output current I, respectively. More-
over, Lp represents the inductance of the primary winding
502, Fsw represents the switching frequency, and Ip repre-
sents the peak current of the primary winding 502. 1 is con-
stant.

out

If Fsw is proportional to V.

samp> T'SW 18 also proportional to
Vo as follows.

Fep=elo

(16)
where € is constant. Combining Equations 15 and 16, then
1 Fsw

Io=—nlp—1* =
¢ ZnPVop

1 17
3 r]Lpslg an

Since ) and € are constants, the output current lo is constant
if Ip and Lp both are precisely controlled. But if Lp is not
precisely controlled, Io may change even in the CC mode.

Alternatively, if

Fsw (18)

pVo_

where « is constant, then

1 a9
I, = Er]wlg

Hence Io can be made constant if Ip is precisely controlled
and if Equation 18 is satisfied.

Additionally, for flyback operation, according to an
embodiment, the demagnetization duration can be deter-
mined by inductance Ls of the secondary winding 504, the
peak current 1, .. of the secondary winding 504, and the
output voltage V0 as follows. For example, the demagnetiza-
tion duration is the same as the duration of the Demag signal,
such as the pulse width of the Demag signal as shown in FIG.
12.

10

15

20

25

30

40

50

60

30

Ls X1Ip_sec (20)

Tpemag = Vo

Since Ls is proportional to Lp and I, .. is proportional to

Ip,

_sec

Lpxip
Vo

21
Tpemag = B eD

where [} is a constant. If Equation 18 is satisfied, then

Temeg X Foiy = ﬁlpvxol” X Fow = afl, @2
Hence, if Ip is precisely controlled,
Tpemag X Fsw =7y 23
and l = 29
where y is constant. Combining Equations 19 and 24,
1 (25)

lo nyl,

T

According to an embodiment, as shown in FIGS. 7 and 17,
in the CC mode, the PWM/PFM switching frequency is
locked by the phase locked loop 1530.

For example,

26)

Fsw =
Tpemag

and Joocyl, 27)

According to another embodiment, by adjusting F_,, based
onT,,,,. according to Equation 26, y remains constant. For
example, v is a constant equal to or larger than 0.25 and equal
to or smaller than 0.75. Hence, the output current lo is kept
constant, so long as 1, in addition to v, is also controlled to be
constant, according to Equation 27.

For example, the component 542 locks the switching fre-
quency F ;- according to inductance of the primary winding
502 and thus compensates for the variations in the primary-
winding inductance. In yet another example, the output cur-
rent [, in the constant current (CC) mode is made indepen-
dent of primary-winding inductance. As shown in FIGS. 7
and 17, the oscillator 562 receives the signal 1522 from the
component 1520 as part of the component 542, and also sends
a clock signal 1532 to the phase-lock loop 1530 as part of the
component 542, according to an embodiment.

FIG. 18 is a simplified diagram showing certain devices for
the component 542 for constant output current (CC) control
as part of the switch-mode power conversion system 500
according to an embodiment of the present invention. This
diagram is merely an example, which should not unduly limit
the scope of the claims. One of ordinary skill in the art would
recognize many variations, alternatives, and modifications.
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As shown in FIG. 18, the component 542 includes a pulse
copy circuit 1620, a phase detector 1630, a charge pump
1640, and a self calibration circuit 1650. In one embodiment,
the pulse copy circuit 1620 receives the Demag signal from
the component 520 and a clock signal 1614 from a clock
divider 1610, and generates a signal 1629. The clock signal
1614 is represented by CLLK4, and the signal 1629 is repre-
sented by D2C. For example, the signal D2C is a copy of the
Demag signal but synchronized with the clock signal CLLK4.

In another embodiment, the pulse copy circuit 1620
includes a NAND gate 1622, MOS transistors 1624 and 1626,
and a capacitor 1628. For example, the NAND gate 1622
receives the Demag signal and the clock signal 1614, and
generates a voltage signal D2. As shown in FIG. 18, the
voltage signal D2 controls the MOS transistor 1624. For
example, if the signal D2 is at a logic low level, the MOS
transistor 1624 charges the capacitor 1628 with a current L ,,.
Inanother example, ifthe signal D2 is at a logic high level, the
MOS transistor 1626 discharges the capacitor 1628 with a
current [ ,. According to one embodiment, immediately prior
to such discharge, the voltage of the capacitor 1628 reflects
the pulse width at the low voltage level for the signal D2.
According to another embodiment, the current 1,,, is equal to
the current [ ,. For example, the pulse width at the low volt-
age level for the signal D2 is the same as the pulse width at the
high voltage level for the signal D2C. In another example, the
rising edge of the signal D2C is synchronized with the falling
edge of the clock signal 1614. In yet another example, the
rising edge of the signal D2C is synchronized with the falling
edge of a clock signal 1612, which is represented by CLK2.

FIG. 19 is a simplified timing diagram for generating the
D2C signal by the pulse copy circuit 1620 as part of the
switch-mode power conversion system 500 according to an
embodiment of the present invention. This diagram is merely
an example, which should not unduly limit the scope of the
claims. One of ordinary skill in the art would recognize many
variations, alternatives, and modifications.

The waveform 1710 represents the clock signal CLK2 as a
function of time, the waveform 1720 represents the clock
signal CLLK4 as a function of time, and the waveform 1730
represents the Demag signal as a function of time. Addition-
ally, the waveform 1740 represents the D2 signal as, a func-
tion of time, and the waveform 1750 represents the D2C
signal as a function of time.

As shown in FIG. 19, as the result, the rising edge of the
D2C signal is synchronized with the falling edge of the clock
signal CLK2 and the falling edge of the clock signal CL.K4.
Also, as shown in FIG. 19, the pulse width at the high voltage
level for the Demag signal is the same as the pulse width at the
high voltage level for the D2C signal.

Returning to FIG. 18, the signal 1629 is outputted from the
pulse copy circuit 1620 to the phase detector 1630. The phase
detector 1630 includes a D flip-flop 1632. For example, the D
flip-flop 1632 compares the pulse width at the high voltage
level for the D2C signal and the pulse width at the low voltage
level for the clock signal CLK2.

In one embodiment, if the pulse width at the high voltage
level for the D2C signal is larger than the pulse width at the
low voltage level for the clock signal CLK2, a signal 1634 at
the Q terminal is at the high voltage level and a signal 1636 at
the QN terminal is at the low voltage level. In another embodi-
ment, if the pulse width at the high voltage level for the D2C
signal is smaller than the pulse width at the low voltage level
for the clock signal CLK2, the signal 1634 at the Q terminal
is at the low voltage level and the signal 1636 at the QN
terminal is at the high voltage level.
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As shown in FIG. 18, the signals 1634 and 1636 are
received by the charge pump 1640. The charge pump 1640
includes a capacitor 1642. For example, the capacitor 1642 is
charged or discharged in response to the signals 1634 and
1636. In another example, the charge and discharge of the
capacitor 1642 is used to regulate a current signal 1644,
which is represented by I__..

According to an embodiment, the current signal 1644 is
received by the oscillator 562, which generates a clock signal
1660. For example, the current signal 1644 is used to regulate
the bias current of the oscillator 562 in order to regulate the
frequency of the clock signal 1660.

As discussed above and further emphasized here, FIG. 7 is
merely an example, which should not unduly limit the scope
of'the claims. One of ordinary skill in the art would recognize
many variations, alternatives, and modifications. For
example, as shown in FIG. 18, the conversion system 500
includes a clock divider 1610, which receives the clock signal
1660 and generates the clock signals 1612 and 1614.

According to one embodiment, the frequency of the clock
signal 1612 is half of the frequency of the clock signal 1660.
According to another embodiment, the frequency of the clock
signal 1612 is twice as much as the frequency of the clock
signal 1614. For example, as shown in FIG. 19, the falling
edge of the clock signal 1614 (i.e., the clock signal CLLK4) is
synchronized with the falling edge of the clock signal 1612
(i.e., the clock signal CLK?2).

Returning to FIG. 18, the clock signals 1612 and 1614 are
outputted to the component 542 for constant current (CC)
control. For example, the clock signal 1532 as shown in FIG.
17 represents the clock signals 1612 and 1614. In another
example, even though FIGS. 7 and 17 do not explicitly show
the clock divider 1610, the clock divider 1610 is a part of the
conversion system 500 according to an embodiment.

In response, the component 542 generates the current sig-
nal 1644, which is received by the oscillator 562. For
example, the current signal 1644 is the signal 1534 as shown
in FIG. 17. According to one embodiment, the oscillator 562,
the clock divider 1610, and the component 542 forms a loop.

For example, the loop has a sufficiently high gain. In
another example, after the loop becomes stable, the period of
the clock signal 1612 is locked at twice as long as the pulse
width at the high voltage level for the Demag signal. In one
embodiment, the pulse width at the high voltage level for the
Demag signal is the same as the pulse width at the high
voltage level for the clock signal 1612 (i.e., the clock signal
CLK2), as shown in FIG. 19. In another embodiment, the
period for the clock signal 1612 is equal to a constant multi-
plied by the pulse width at the high voltage level for the
Demag signal. For example, the constant is equal to 1/y.

Also as shown in FIG. 19 and discussed above, the pulse
width at the high voltage level for the Demag signal is the
same as the pulse width at the high voltage level for the D2C
signal according to an embodiment of the present invention.
Hence, for example, the pulse width at the high voltage level
for the D2C signal is the same as the pulse width at the high
voltage level for the clock signal CLK2.

Again returning to FIG. 18, the self calibration circuit 1650
is configured to calibrate the magnitude of the current I, and
the magnitude of the current [ ,. For example, the magnitude
of the current I, is equal to the magnitude of the current I ,.

According to one embodiment, as shown in FIG. 18, the
Demag signal and the clock signal CL.LK4 are fed into the loop
that includes the oscillator 562, the clock divider 1610, and
the component 542. The loop adjusts the frequency of the
clock signal CLK2 such that the frequency of the clock signal
CLK2 is locked to the frequency of the Demag signal. For
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example, the frequency of the clock signal CLK2 is equal to
the switching frequency of the drive signal 548, as shown in
Equation 26.

As discussed above, in one embodiment, the output current
L, 1s determined by the peak current I, of the primary wind-
ing 502 when the switch 550 turns off. But the peak current I,
may change with an AC input voltage (e.g., VAC in FIG. 7)
due to the propagation delay of the control circuit. For
example, the higher AC input voltage results in the higher
peak current I, and vice versa. Therefore, the peak current I,
should be precisely controlled at a constant level regardless of
the input AC voltage according to one embodiment.

FIG. 20 is a simplified diagram showing certain devices for
the component 540 for current sensing (CS) peak regulation
as part of the switch-mode power conversion system 500
according to an embodiment of the present invention. This
diagram is merely an example, which should not unduly limit
the scope of the claims. One of ordinary skill in the art would
recognize many variations, alternatives, and modifications.

As shown in FIG. 20, the component 540 includes a high-
speed comparator 1810, a charge pump 1820, a dynamic
threshold generator 1830, and an over-current-protection
(OCP) comparator 1840.

In one embodiment, the high-speed comparator 1810
receives Vth_oc in addition to the signal 564 from the termi-
nal 566 (i.e., the terminal CS). For example, the current that
flows through the primary winding 502 is sensed by the
resistor 580, whose resistance is represented by Rs. As shown
in FIG. 7, a current 582, whose magnitude is represented by
Is, flows through the resistor 580, and in response, the resistor
580 generates the voltage signal 564, whose magnitude is
represented by Vces. In another example, at the time when the
switch 550 is just being turned off, Vcs is compared with
Vth_oc.

In another embodiment, the high-speed comparator 1810
compares Vth_oc with the signal 564, and generates a com-
parison signal 1812. The comparison signal 1812 is repre-
sented by OCP_det. For example, the comparison signal 1812
is received by the charge pump 1820. In another example, the
charge pump 1820 includes an RS latch 1822 and a capacitor
1824. In one embodiment, the RS latch 1822 receives the
comparison signal 1812 and in response controls charging
and discharging of the capacitor 1824. In another embodi-
ment, the capacitor 1824 provides a voltage signal 1826,
which is received by the dynamic threshold generator 1830.

In yet another embodiment, the dynamic threshold genera-
tor 1830 converts the voltage signal 1826 into a current signal.
For example, the converted current signal is processed by
current mirrors, which generate a dynamic current signal
1832. The dynamic current signal 1832 is represented by
Tocp_PWM. In another example, the current signal 1832 is
received by a dynamic resistor 1834, which is represented by
R2. In one embodiment, the dynamic resistor 1834 includes a
linear resistor 1836 and transistors 1838 and 1839. For
example, the transistors 1838 and 1839 provide temperature-
related resistance compensation.

In another embodiment, the dynamic resistor 1834 con-
verts the current signal 1832 into a voltage signal 1835. The
voltage signal 1835 is represented by OCP_ref. For example,
if Vth_oc is smaller than the voltage signal 564 in magnitude,
the voltage signal 1835 would be adjusted lower by the
dynamic threshold generator 1830. In another example, if
Vth_oc is larger than the voltage signal 564 in magnitude, the
voltage signal 1835 would be adjusted higher by the dynamic
threshold generator 1830.

As shown in FIG. 20, the voltage signal 1835 is received by
the over-current-protection (OCP) comparator 1840. The
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OCP comparator 1840 also receives the signal 564 from the
terminal 566 (i.e., the terminal CS). For example, the OCP
comparator 1840 compares OCP_ref with the signal 564, and
generates the signal 574. In another example, the signal 574 is
received by the component 538 in order to regulate the peak
current of the primary winding 502.

As discussed above, the signal 564 is, for example, com-
pared with Vth_OC by the high-speed comparator 1810, and
compared with OCP_refby the OCP comparator 1840. In one
embodiment, the high-speed comparator 1810, the charge
pump 1820, the dynamic threshold generator 1830, the OCP
comparator 1840, and others form a loop with a high gain. In
another embodiment, even if the change in line voltage causes
the change of slope for the signal 564, the peak current of the
primary winding 502 is maintained at a constant level. In yet
another embodiment, even if the propagation delay for the
PWM/PFM signal changes, the peak current of the primary
winding 502 is maintained at a constant level.

According to yet another embodiment, as shown in FIG.
20, the comparison signal 1812 is used to control the charge
pump 1820 in order to adjust the voltage signal 1835 that is
represented by OCP_ref. For example, the voltage signal
1835 serves as the threshold voltage of the OCP comparator
1840. As a result, the peak current of the primary winding 502
is regulated by an internal loop such that the peak current
equals to

Vth_oc
Rs ~

regardless of the magnitude of the line voltage, according to
certain embodiments of the present invention. Therefore,
based on Equation 25, the constant output current is, for
example, as follows.

B 1 Vth_oc
=287 ks

Io @8

In another example, the output voltage Vo is controlled by
regulating the output signal 514 that is represented by V-
Therefore, the constant voltage Vo and the constant current lo
can be obtained in the CV mode and the CC mode respec-
tively, according to some embodiments of the present inven-
tion. For example, the CC mode is applicable for charging a
battery until the voltage of the battery reaches the predeter-
mined magnitude.

According to another embodiment, a system (e.g., as
shown in FIG. 7) for regulating a power converter includes a
first signal generator (e.g., as shown by the component 520)
configured to receive at least an input signal and generate at
least a first output signal associated with demagnetization and
a second output signal associated with sampling. Addition-
ally, the system includes a sampling component (e.g., as
shown by the component 522) configured to receive at least
the input signal and the second output signal, sample the input
signal based on at least information associated with the sec-
ond output signal, and generate at least a third output signal
associated with one or more sampled magnitudes. Moreover,
the system includes an error amplifier (e.g., as shown by the
component 524) configured to receive at least the third output
signal and a first threshold voltage and generate at least a
fourth output signal with a capacitor, the capacitor being
coupled to the error amplifier. Also, the system includes a
compensation component (e.g., as shown by the component
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532) configured to receive at least the fourth output signal and
generate at least a compensation signal. The input signal is a
combination of the compensation signal and a first sensed
signal. The first sensed signal is associated with a first wind-
ing coupled to a secondary winding for a power converter, and
the secondary winding is related to an output current and an
output voltage for the power converter. Additionally, the sys-
tem includes the first controller (e.g., as shown by the com-
ponent 542) for regulating at least the output current. For
example, the first controller is configured to receive at least
the first output signal and the third output signal and generate
at least a first control signal based on at least information
associated with the first output signal and the third output
signal. Moreover, the system includes a second controller
(e.g., as shown by the component 534) for regulating at least
the output voltage. For example, the second controller being
configured to receive at least the fourth output signal and
generate at least a second control signal (e.g., as shown by the
signal 558) and a third control signal (e.g., as shown by the
signal 536) based on at least information associated with the
fourth output signal. Also, the system includes an oscillator
(e.g., as shown by the component 562) configured to receive
at least the first control signal and the second control signal
and generate at least a clock signal, and a second signal
generator (e.g., as shown by the component 538) configured
to receive at least the clock signal, the third control signal, and
a fourth control signal, and generate at least a modulation
signal. Additionally, the system includes a gate driver (e.g., as
shown by the component 546) configured to receive at least
the modulation signal and output at least a drive signal to a
switch. For example, the switch is configured to affect a first
current flowing through a primary winding coupled to the
secondary winding. Moreover, the system includes a third
controller (e.g., as shown by the component 540) for regulat-
ing at least a peak current. For example, the third controller
being configured to receive the third control signal, a second
sensed signal, and a second threshold voltage, and output the
fourth control signal to the second signal generator. In another
example, the second sensed signal is associated with the first
current flowing through the primary winding for the power
converter.

For example, the system further includes a feed forward
component (e.g., as shown by the component 568) configured
to receive a fifth output signal from the error amplifier (e.g., as
shown by the component 524) and output a sixth output signal
to the second controller (e.g., as shown by the component
534). In another example, the system is configured to regulate
the output current to a constant current level if the fourth
output signal is larger than a predetermined value in magni-
tude and regulate the output voltage to a constant voltage level
if the fourth output signal is smaller than the predetermined
value in magnitude. In yet another example, the sampling
component (e.g., as shown by the component 522) is further
configured to perform at least one sampling process for the
input signal at or near an end of a demagnetization period,
generate a first sampled magnitude, and hold the first sampled
magnitude until a second sampled magnitude is generated,
the first sampled magnitude and the second sampled magni-
tude being two of the one or more sampled magnitudes. In yet
another example, the first signal generator (e.g., as shown by
the component 520 and as shown by FIGS. 7 and 10) is further
configured to receive the third output signal, determine a third
threshold voltage based on at least information associated
with the third output signal, compare the third threshold volt-
age and the input signal in magnitude, and generate the first
output signal based on at least information associated with the
third threshold voltage and the input signal.
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According to yet another embodiment, a system (e.g., as
shown by FIGS. 7 and 9) for regulating a power converter
includes a sampling component (e.g., as shown by the com-
ponent 522) configured to receive at least an input signal,
sample the input signal, and generate at least a first output
signal associated with one or more sampled magnitudes. For
example, the input signal being associated with at least a first
winding coupled to a secondary winding for a power con-
verter, and the secondary winding is related to an output
current and an output voltage for the power converter. Addi-
tionally, the system includes an error amplifier (e.g., as shown
by the component 524) configured to receive at least the first
output signal and a threshold voltage, generate a second out-
put signal with a circuit for loop stabilization compensation,
and generate a third output signal. For example, the circuit for
loop stabilization compensation is a capacitor (e.g., as shown
by the capacitor 526), and the capacitor is coupled to the error
amplifier. Moreover, the system includes a feed forward com-
ponent (e.g., as shown by the component 568) configured to
receive the third output signal and generate a fourth output
signal based on at least information associated with the third
output signal, and a controller (e.g., as shown by the compo-
nent 534) for regulating at least the output voltage. For
example, the controller is configured to receive at least the
second output signal and the fourth output signal, and gener-
ate at least a first control signal. Also, the system includes a
signal generator (e.g., as shown by the component 538) con-
figured to receive at least the first control signal and generate
at least a modulation signal based on at least information
associated with the first control signal, and a gate driver (e.g.,
as shown by the component 546) configured to receive at least
the modulation signal and output at least a drive signal to a
switch. For example, the switch is configured to affect a first
current flowing through a primary winding coupled to the
secondary winding.

For example, the controller (e.g., as shown by the compo-
nent 534) is further configured to regulate the output voltage
to a constant voltage level if the second output signal is
smaller than a predetermined value in magnitude. In another
example, the system further includes a compensation compo-
nent (e.g., as shown by the component 532) configured to
receive at least the second output signal and generate a com-
pensation signal based on at least information associated with
the second output signal. For example, the input signal is a
combination of the compensation signal and a sensed signal,
and the sensed signal is associated with at least the first
winding coupled to the secondary winding.

According to yet another embodiment, a system for regu-
lating a power converter is shown by, for example, FIGS. 7,
14(a) and 14(b) or FIGS. 7, 15(a) and 15(b). The system
includes a sampling component (e.g., as shown by the com-
ponent 522) configured to receive at least an input signal,
sample the input signal, and generate at least a first output
signal associated with one or more sampled magnitudes, and
an error amplifier (e.g., as shown by the component 524)
configured to receive at least the first output signal and a
threshold voltage, generate a second output signal with a
capacitor, and generate a third output signal, the capacitor
being coupled to the error amplifier. Additionally, the system
includes a feed forward component (e.g., as shown by the
component 568) configured to receive the third output signal
and generate a fourth output signal based on at least informa-
tion associated with the third output signal, and a controller
(e.g., as shown by the component 534) configured to receive
at least the second output signal and the fourth output signal,
and generate at least a control signal. Moreover, the system
includes a compensation component (e.g., as shown by the
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component 532) configured to receive at least the second
output signal and generate at least a compensation signal
based on at least information associated with the second
output signal, the input signal being a combination of the
compensation signal and another signal.

For example, the second output signal is a voltage signal,
and the compensation signal is a current signal. In another
example, the system further includes a signal generator (e.g.,
as shown by the component 538) configured to receive at least
the control signal, and generate at least a modulation signal
based on at least information associated with the control
signal, and a gate driver (e.g., as shown by the component
546) configured to receive at least the modulation signal and
output at least a drive signal to a switch, the switch being
configured to affect a current flowing through a primary
winding for a power converter.

According to yet another embodiment, a system (e.g., as
shown by FIGS. 7 and 17) for regulating a power converter
includes a first signal generator (e.g., as shown by the com-
ponent 520) configured to receive at least an input signal and
generate at least a first output signal associated with demag-
netization and a second output signal associated with sam-
pling. For example, the input signal is associated with at least
a first winding coupled to a secondary winding for a power
converter, and the secondary winding is related to an output
current and an output voltage for the power converter. Addi-
tionally, the system includes a sampling component (e.g., as
shown by the component 522) configured to receive at least
the input signal and the second output signal, sample the input
signal based on at least information associated with the sec-
ond output signal, and generate at least a third output signal
associated with one or more sampled magnitudes. Moreover,
the system includes a first controller (e.g., as shown by the
component 542) for regulating at least the output current,
which is configured to receive at least the first output signal
and the third output signal and generate at least a first control
signal based on at least information associated with the first
output signal and the third output signal. Also, the system
includes an oscillator (e.g., as shown by the component 562)
configured to receive at least the first control signal and gen-
erate at least a clock signal based on at least information
associated with the first control signal, and a second signal
generator (e.g., as shown by the component 538) configured
to receive at least the clock signal and a second control signal,
and generate at least a modulation signal based on at least
information associated with the clock signal and the second
control signal. Additionally, the system includes a gate driver
(e.g., as shown by the component 546) configured to receive
at least the modulation signal and output at least a drive signal
to a switch. For example, the switch is configured to affect a
first current flowing through a primary winding coupled to the
secondary winding. Moreover, the system includes a third
controller (e.g., as shown by the component 540) for regulat-
ing at least a peak current is configured to receive at least a
sensed signal and a threshold voltage, and output the second
control signal to the second signal generator (e.g., as shown
by the component 538). For example, the sensed signal is
associated with the first current flowing through the primary
winding for the power converter. The modulation signal cor-
responds to a switching frequency, and the first output signal
corresponds to a demagnetization pulse width.

For example, the switching frequency is inversely propor-
tional to the demagnetization pulse width, the switching
period is proportional to the demagnetization pulse width,
and the output current is proportional to the peak current. In
another example, the peak current is constant, and the output
current is constant. In another example, the system of claim
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12 (e.g., as shown by FIGS. 7 and 17) wherein the first
controller (e.g., as shown by the component 542) includes a
voltage-to-current converter (e.g., as shown by the compo-
nent 1510) configured to receive the third output signal and
generate a second current, a phase-lock loop (e.g., as shown
by the component 1530) configured to receive at least the first
output signal and the clock signal and generate a third current,
and a determining component (e.g., as shown by the compo-
nent 1520) configured to receive the second current and the
third current, determine a difference between the second cur-
rent and the third current in magnitude, and generate the first
control signal based on at least information associated with
the second current and the third current.

According to yet another embodiment, a system (e.g., as
shown by FIGS. 7 and 20) for regulating a power converter
includes a controller (e.g., as shown by the component 540)
for regulating at least a peak current. For example, the con-
troller is configured to receive at least a sensed signal and a
first threshold voltage and generate at least a first control
signal, and the sensed signal is associated with a first current
flowing through a primary winding for a power converter.
Additionally, the system includes a signal generator (e.g., as
shown by the component 538) configured to receive at least
the first control signal and generate at least a modulation
signal, and a gate driver (e.g., as shown by the component
546) configured to receive at least the modulation signal and
output at least a drive signal to a switch. For example, the
switch is configured to affect the first current. In another
example, the controller (e.g., as shown by the component
540) includes a first comparator (e.g., as shown by the com-
ponent 1810) configured to receive the sensed signal and the
first threshold voltage and generate a comparison signal
based on at least information associated with the sensed sig-
nal and the first threshold voltage, and a charge pump (e.g., as
shown by the component 1820) configured to receive the
comparison signal and generate a second control signal based
on at least information associated with the comparison signal.
Additionally, the controller (e.g., as shown by the component
540) includes a threshold generator (e.g., as shown by the
component 1830) configured to receive the second control
signal and generate a second threshold voltage based on at
least information associated with the second control signal,
and a second comparator (e.g., as shown by the component
1840) configured to receive the second threshold voltage and
the sensed signal and generate the first control signal based on
at least information associated with the second threshold
voltage and the sensed signal.

According to yet another embodiment, a method (e.g., as
implemented by FIG. 7) for regulating a power converter
includes receiving at least an input signal by a first signal
generator (e.g., as shown by the component 520), and gener-
ating at least a first output signal associated with demagneti-
zation and a second output signal associated with sampling
based on at least information associated with the input signal.
Additionally, the method includes receiving at least the input
signal and the second output signal by a sampling component
(e.g., as shown by the component 522), sampling the input
signal based on at least information associated with the sec-
ond output signal, generating at least a third output signal
associated with one or more sampled magnitudes, receiving
at least the third output signal and a first threshold voltage by
an error amplifier (e.g., as shown by the component 524), and
generating at least a fourth output signal with a capacitor
coupled to the error amplifier. Moreover, the method includes
receiving at least the fourth output signal by a compensation
component (e.g., as shown by the component 532), and gen-
erating at least a compensation signal based on at least infor-
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mation associated with the fourth output signal. For example,
the input signal is a combination of the compensation signal
and a first sensed signal. In another example, the first sensed
signal is associated with a first winding coupled to a second-
ary winding for a power converter, and the secondary winding
is related to an output current and an output voltage for the
power converter. Also, the method includes receiving at least
the first output signal and the third output signal by a first
controller (e.g., as shown by the component 542) for regulat-
ing at least the output current, generating at least a first control
signal based on at least information associated with the first
output signal and the third output signal, receiving at least the
fourth output signal by a second controller (e.g., as shown by
the component 534) for regulating at least the output voltage,
and generating at least a second control signal (e.g., as shown
by the signal 558) and a third control signal (e.g., as shown by
the signal 536) based on at least information associated with
the fourth output signal. Additionally, the method includes
receiving at least the first control signal and the second con-
trol signal by an oscillator (e.g., as shown by the component
562), generating at least a clock signal by the oscillator (e.g.,
as shown by the component 562), receiving at least the clock
signal, the third control signal, and a fourth control signal by
a second signal generator (e.g., as shown by the component
538), and generating at least a modulation signal by the sec-
ond signal generator (e.g., as shown by the component 538).
Moreover, the method includes receiving at least the modu-
lation signal by a gate driver (e.g., as shown by the component
546), outputting at least a drive signal to a switch to affect a
first current flowing through a primary winding coupled to the
secondary winding, receiving the third control signal, a sec-
ond sensed signal, and a second threshold voltage by a third
controller (e.g., as shown by the component 540) for regulat-
ing at least a peak current; and outputting the fourth control
signal to the second signal generator. For example, the second
sensed signal is associated with the first current flowing
through the primary winding for the power converter.

In another example, the method further includes receiving
a fifth output signal by a feed forward component (e.g., as
shown by the component 568) from the error amplifier (e.g.,
as shown by the component 524), and outputting a sixth
output signal to the second controller (e.g., as shown by the
component 534) based on at least information associated with
fifth output signal. In yet another example, the method further
includes regulating the output current to a constant current
level if the fourth output signal is larger than a predetermined
value in magnitude, and regulating the output voltage to a
constant voltage level if the fourth output signal is smaller
than the predetermined value in magnitude. In yet another
example, the process for sampling the input signal includes
sampling the input signal at or near a first end of a first
demagnetization period, generating a first sampled magni-
tude corresponding to the first demagnetization period, sam-
pling the input signal at or near a second end of a second
demagnetization period, and generating a second sampled
magnitude corresponding to the second demagnetization
period. The first sampled magnitude and the second sampled
magnitude are two ofthe one or more sampled magnitudes. In
yet another example, the process for generating at least a third
output signal includes holding the first sampled magnitude
until the second sampled magnitude is generated. In yet
another example, the method (e.g., as implemented by FIGS.
7 and 10) the process for generating at least a first output
signal associated with demagnetization and a second output
signal associated with sampling includes receiving the third
output signal, determining a third threshold voltage based on
at least information associated with the third output signal,
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comparing the third threshold voltage and the input signal in
magnitude, and generating the first output signal based on at
least information associated with the third threshold voltage
and the input signal.

According to yet another embodiment, a method (e.g., as
implemented by FIGS. 7 and 9) for regulating a power con-
verter includes receiving at least an input signal by a sampling
component (e.g., as shown by the component 522). For
example, the input signal is associated with at least a first
winding coupled to a secondary winding for a power con-
verter, and the secondary winding is related to an output
current and an output voltage for the power converter. Addi-
tionally, the method includes sampling the input signal by the
sampling component (e.g., as shown by the component 522),
generating at least a first output signal associated with one or
more sampled magnitudes, receiving at least the first output
signal and a threshold voltage by an error amplifier (e.g., as
shown by the component 524), and generating a second out-
put signal with a capacitor coupled to the error amplifier.
Moreover, the method includes generating a third output sig-
nal by the error amplifier, receiving the third output signal by
a feed forward component, generating a fourth output signal
based on at least information associated with the third output
signal, receiving at least the second output signal and the
fourth output signal by a controller (e.g., as shown by the
component 534) for regulating at least the output voltage, and
generating at least a first control signal based on at least
information associated with the second output signal and the
fourth output signal. Also, the method includes receiving at
least the first control signal by a signal generator (e.g., as
shown by the component 538), generating at least a modula-
tion signal based on at least information associated with the
first control signal, receiving at least the modulation signal by
a gate driver (e.g., as shown by the component 546), and
outputting at least a drive signal to a switch to affect a first
current flowing through a primary winding coupled to the
secondary winding.

For example, the method further includes regulating the
output voltage to a constant voltage level if the second output
signal is smaller than a predetermined value in magnitude. In
another example, the method includes receiving at least the
second output signal by a compensation component (e.g., as
shown by the component 532), and generating a compensa-
tion signal based on at least information associated with the
second output signal. The input signal is a combination of the
compensation signal and a sensed signal, and the sensed
signal is associated with at least the first winding coupled to
the secondary winding.

According to yet another embodiment, a method for regu-
lating a power converter is implemented by, for example,
FIGS. 7, 14(a) and 14() or FIGS. 7, 15(a) and 15(). The
method includes receiving at least an input signal by a sam-
pling component (e.g., as shown by the component 522),
sampling the input signal by the sampling component (e.g., as
shown by the component 522), and generating at least a first
output signal associated with one or more sampled magni-
tudes. Additionally, the method includes receiving at least the
first output signal and a threshold voltage by an error ampli-
fier (e.g., as shown by the component 524), generating a
second output signal with a capacitor coupled to the error
amplifier based on at least information associated with the
first output signal and the threshold voltage, and generating a
third output signal based on at least information associated
with the first output signal and the threshold voltage. More-
over, the method includes receiving the third output signal by
a feed forward component (e.g., as shown by the component
568), generating a fourth output signal based on at least
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information associated with the third output signal, receiving
at least the second output signal and the fourth output signal
by a controller (e.g., as shown by the component 534), and
generating at least a control signal based on at least informa-
tion associated with the second output signal and the fourth
output signal. Also, the method includes receiving at least the
second output signal by a compensation component (e.g., as
shown by the component 532), and generating at least a
compensation signal based on at least information associated
with the second output signal, the input signal being a com-
bination of the compensation signal and another signal.

For example, the second output signal is a voltage signal,
and the compensation signal is a current signal. In another
example, the method further includes receiving at least the
control signal by a signal generator (e.g., as shown by the
component 538), generating at least a modulation signal
based on at least information associated with the control
signal, receiving at least the modulation signal by a gate
driver (e.g., as shown by the component 546), and outputting
at least a drive signal to a switch to affect a current flowing
through a primary winding for a power converter.

According to yet another embodiment, a method (e.g., as
implemented by FIGS. 7 and 17) for regulating a power
converter includes receiving at least an input signal by a first
signal generator (e.g., as shown by the component 520). For
example, the input signal is associated with at least a first
winding coupled to a secondary winding for a power con-
verter, and the secondary winding is related to an output
current and an output voltage for the power converter. Addi-
tionally, the method includes generating at least a first output
signal associated with demagnetization and a second output
signal associated with sampling based on at least information
associated with the input signal, receiving at least the input
signal and the second output signal by a sampling component
(e.g., as shown by the component 522), sampling the input
signal based on at least information associated with the sec-
ond output signal, and generating at least a third output signal
associated with one or more sampled magnitudes. Moreover,
the method includes receiving at least the first output signal
and the third output signal by a first controller (e.g., as shown
by the component 542) for regulating at least the output
current, generating at least a first control signal based on at
least information associated with the first output signal and
the third output signal, receiving at least the first control
signal by an oscillator (e.g., as shown by the component 562),
and generating at least a clock signal based on at least infor-
mation associated with the first control signal. Also, the
method includes receiving at least the clock signal and a
second control signal by a second signal generator (e.g., as
shown by the component 538), generating at least a modula-
tion signal based on at least information associated with the
clock signal and the second control signal, receiving at least
the modulation signal by a gate driver (e.g., as shown by the
component 546), and outputting at least a drive signal to a
switch to affect a first current flowing through a primary
winding coupled to the secondary winding. Additionally, the
method includes receiving at least a sensed signal and a
threshold voltage by a third controller (e.g., as shown by the
component 540) for regulating at least a peak current, and
outputting the second control signal to the second signal
generator (e.g., as shown by the component 538). The sensed
signal being associated with the first current flowing through
the primary winding for the power converter, the modulation
signal corresponds to a switching frequency, and the first
output signal corresponds to a demagnetization pulse width.

For example, the switching frequency is inversely propor-
tional to the demagnetization pulse width, and the output
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current is proportional to the peak current. In another
example, the peak current is constant, and the output current
is constant.

In yet another example, as implemented by, for example,
FIGS. 7 and 17, the process for generating at least a first
control signal includes receiving the third output signal by a
voltage-to-current converter (e.g., as shown by the compo-
nent 1510), generating a second current based on at least
information associated with the third output signal, receiving
at least the first output signal and the clock signal by a phase-
lock loop (e.g., as shown by the component 1530), and gen-
erating a third current based on at least information associated
with the first output signal and the clock signal. Additionally,
the process for generating at least a first control signal
includes receiving the second current and the third current by
a determining component (e.g., as shown by the component
1520) configured to determine a difference between the sec-
ond current and the third current in magnitude, and generating
the first control signal based on at least information associ-
ated with the second current and the third current.

According to yet another embodiment, a method (e.g., as
implemented by FIGS. 7 and 20) for regulating a power
converter includes receiving at least a sensed signal and a first
threshold voltage by a controller (e.g., as shown by the com-
ponent 540) for regulating at least a peak current. For
example, the sensed signal is associated with a first current
flowing through a primary winding for a power converter.
Additionally, the method includes generating at least a first
control signal based on at least information associated with
the sensed signal and the first threshold voltage, receiving at
least the first control signal by a signal generator (e.g., as
shown by the component 538), generating at least a modula-
tion signal based on at least information associated with the
first control signal, receiving at least the modulation signal by
a gate driver (e.g., as shown by the component 546), and
outputting at least a drive signal to a switch to affect the first
current. The process for generating at least a first control
signal includes receiving the sensed signal and the first
threshold voltage by a first comparator (e.g., as shown by the
component 1810), generating a comparison signal based on at
least information associated with the sensed signal and the
first threshold voltage, receiving the comparison signal by a
charge pump (e.g., as shown by the component 1820), gen-
erating a second control signal based on at least information
associated with the comparison signal, receiving the second
control signal by a threshold generator (e.g., as shown by the
component 1830), generating a second threshold voltage
based on at least information associated with the second
control signal, receiving the second threshold voltage and the
sensed signal by a second comparator (e.g., as shown by the
component 1840), and generating the first control signal
based on at least information associated with the second
threshold voltage and the sensed signal.

Many benefits are achieved by way of the present invention
over conventional techniques. Certain embodiments of the
present invention can reduce parts count and/or decrease sys-
tem cost. Some embodiments of the present invention can
improve reliability and/or efficiency. Certain embodiments of
the present invention can simplify circuit design in switch
mode flyback power converters. Some embodiments of the
present invention provide a primary side sensing and regula-
tion scheme. For example, the primary side sensing and regu-
lation scheme can improve the load regulation. In another
example, the primary side sensing and regulation scheme can
compensate the primary winding inductance variation to
achieve constant output current in a flyback converter that
employs the primary side regulation. Certain embodiments of
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the present invention can provide, in the CC mode, a constant
output current that does not change as primary winding
inductance changes.
Referring to Equation 8, if N is constant, in order tokeep I,
constant,

1 T
_Xf
T Jo

should also be kept constant. Since R, is constant, there are at
least the following methods to keep

1 T
—Xf
T 0

constant:
(a) keeping V., . constant and keeping

Ves_pk y Tpemag dr
Ry T

Vs pk y Tpemag dr
Ry Ts

Tpemag
15

constant;
(b) keeping

1 T
Txf Ves_pedt
0

constant and keeping

Tpemag
15

constant; or
(c) keeping

1

T
7% f Ves_pk X Tpemag dt
0

constant and keeping T constant;

Certain embodiments of the present invention use the
above method (a), (b), or (¢) in order to implement the con-
stant current (CC) mode, where the output current is main-
tained at the constant level, regardless of the output voltage
and the inductance levels of the primary winding, the second-
ary winding, and the auxiliary winding.

FIG. 21 is a simplified diagram for a switch-mode power
conversion system with primary-side sensing and regulation
according to yet another embodiment of the present inven-
tion. This diagram is merely an example, which should not
unduly limit the scope of the claims. One of ordinary skill in
the art would recognize many variations, alternatives, and
modifications.

The power conversion system 2100 includes a primary
winding 2110, a secondary winding 2112, an auxiliary wind-
ing 2114, resistors 2120, 2122, and 2124, a switch 2130, a
demagnetization detection component 2150, a current source
2160, a current sink 2162, switches 2164 and 2166, a NOT
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gate 2170, a capacitor 2172, comparators 2180 and 2182, a
flip-flop component 2190, and a drive component 2192. For
example, the demagnetization detection component 2150, the
current source 2160, the current sink 2162, the switches 2164
and 2166, the NOT gate 2170, the capacitor 2172, the com-
parators 2180 and 2182, the flip-flop component 2190, and
the drive component 2192 are located on a chip 2140. In
another example, the chip 2140 includes at least terminals
2142, 2144, and 2146. In yet another example, the system
2100 is a switch-mode flyback power conversion system.

As discussed above and further emphasized here, FIG. 21
is merely an example, which should not unduly limit the
scope of the claims. One of ordinary skill in the art would
recognize many variations, alternatives, and modifications.
For example, a leading-edge blanking component is inserted
between the terminal 2146 and the comparator 2180, and the
inserted leading-edge blanking component receives a signal
from the terminal 2146 and outputs the signal 2147 to the
comparator 2180.

FIG. 22 is a simplified diagram for the demagnetization
detection component 2150 as part of the switch-mode power
conversion system 2100 according to an embodiment of the
present invention. This diagram is merely an example, which
should not unduly limit the scope of the claims. One of
ordinary skill in the art would recognize many variations,
alternatives, and modifications. The demagnetization detec-
tion component 2150 includes a comparator 2210, flip-flop
components 2220 and 2222, NOT gates 2230 and 2232, and
an AND gate 2240.

FIG. 23 is a simplified timing diagram for the switch-mode
power conversion system 2100 including the demagnetiza-
tion detection component 2150 as shown in FIGS. 21 and 22
according to an embodiment of the present invention. This
diagram is merely an example, which should not unduly limit
the scope of the claims. One of ordinary skill in the art would
recognize many variations, alternatives, and modifications.

As shown in FIG. 23, the waveform 2310 represents a
feedback signal 2143 (e.g., Vz) as a function of time, the
waveform 2320 represents a Demag signal 2151 as a function
of'time, and the waveform 2330 represents a ramp signal 2165
(e-8-5 V,4mp) as afunction of time. Additionally, the waveform
2340 represents a control signal 2185 as a function of time,
the waveform 2350 represents a drive signal 2193 as a func-
tion of time, and the waveform 2360 represents a sensing
signal 2147 (e.g., V_,) as a function of time.

As shown in FIGS. 21 and 23, when the drive signal 2193
(corresponding to the waveform 2350) is at the logic high
level, the switch 2130 is turned on and thus closed. The
current 2111 that flows through the primary winding 2110
ramps up linearly, and the signal 2147 (e.g., V.,) also ramps
up linearly according to one embodiment. For example, the
signal 2147 (e.g., V_,) is received by the comparator 2180,
which also receives a threshold signal 2181 (e.g., V,,,.). In
another example, the comparator 2180 compares the signal
2147 (e.g., V,,) with the threshold signal 2181 (e.g., V,;,,.)
and outputs a comparison signal 2187 to the flip-flop compo-
nent 2190. In one embodiment, the flip-flop component 2190
also receives the control signal 2185 from the comparator
2182 and generates a modulation signal 2191. In another
embodiment, the modulation signal 2191 is received by the
driver component 2192, which in response generates the drive
signal 2193.

As shown by the waveforms 2350 and 2360, if the signal
2147 (e.g., V) reaches the threshold signal 2181 (e.g., V,;,,..)
in magnitude, the drive signal 2193 changes from the logic
high level to the logic low level and the switch 2130 is turned
off and thus open. For example, when the switch 2130 is
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turned off, the stored energy is delivered to the output of the
power conversion system 2100 and the demagnetization pro-
cess starts. In another example, during the demagnetization
process, the current that flows through the secondary winding
2112 ramps down linearly.

As shown in FIG. 21, an output voltage (e.g., V) of the
auxiliary winding 2114 images the output voltage (e.g., V) of
the power conversion system 2100, and is converted into the
feedback signal 2143 (e.g., V) by the resistors 2120 and
2122. For example, the feedback signal 2143 (e.g., V) is
received by the comparator 2210 as part of the demagnetiza-
tion detection component 2150. In another example, the com-
parator 2210 compares the feedback signal 2143 (e.g., V)
with a threshold signal 2211 (e.g., 0.1V).

As shown by the waveforms 2310 and 2320, when the
feedback signal 2143 (e.g., V5) rises above the threshold
signal 2211 (e.g., 0.1V), the Demag signal 2151 changes to
the logic high level, which indicates the beginning of the
demagnetization process. Furthermore, when the feedback
signal 2143 (e.g., V zz) drops below the threshold signal 2211
(e.g., 0.1V), the Demag signal 2151 changes to the logic low
level, which indicates the end of the demagnetization process.
For example, the demagnetization process ends when the
current that flows through the secondary winding 2112 drops
to almost zero. In another example, after the end of the
demagnetization process, the power conversion system 2100
enters the state of resonance oscillation, and the feedback
signal 2143 (e.g., Vz) (corresponding to the waveform 2310)
is approximately a sine wave.

As shown in FIG. 21, the Demag signal 2151 is received by
the switch 2166 and the NOT gate 2170, which in response
outputs a signal 2171 to the switch 2164. For example, if the
Demag signal 2151 is at the logic high level, the switch 2164
is open and the switch 2166 is closed. Therefore, the capacitor
2172 is discharged by the current sink 2162, and the ramp
signal 2165 (e.g., V,,,,,) decreases linearly according to one
embodiment. In another example, if the Demag signal 2151 is
atthe logic low level, the switch 2164 is closed and the switch
2166 is open. Therefore, the capacitor 2172 is charged by the
current source 2160, and the ramp signal 2165 (e.g., V
increases linearly according to another embodiment.

According to yet another embodiment, the ramp signal
2165 (e.g.. V,,,,,) is received by the comparator 2182, which
also receives a threshold signal 2183 (e.g., v, ). For example,
the comparator 2182 compares the ramp signal 2165 (e.g.,
V., amp) With the threshold signal 2183 (e.g., V,_ ), and outputs
the control signal 2185 to the flip-flop component 2190. As
shown by the waveforms 2330 and 2350, if the ramp signal
2165 (e.g., V,,,,) reaches the threshold signal 2183 (e.g.,
V..o in magnitude, the drive signal 2193 changes from the
logic low level to the logic high level and the switch 2130 is
turned on.

As shown in FIGS. 21, 22 and 23, for example, the switch-
ing period of the power conversion system 2100 is as follows:

ramp)

L+ 29

T, =

X TDemag

where T, represents the switching period, and Tp,,,,,,,, rep-
resents duration of the demagnetization process. 1, represents
the magnitude of the charging current by the current source
2160, and I, represents the magnitude of the discharging
current by the current sink 2162.
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In one embodiment, if

Vos_pk = Vinoo (30)
Vinoo (3B
then I, = 7

where V_, ,, represents the peak value of the signal 2147
(e.g., V), anﬁVﬂwc represents the magnitude of the threshold
signal 2181. Additionally, 1, represents the peak value of the
current 2111 that flows through the primary winding 2110,
and R, represents the resistance value of the resistor 2124. In
another embodiment, assuming the efficiency between the
primary winding 2110 and the secondary winding 2112 to be
100%, the output current is:

1 Tpemag (B2
I,==-XNXI[,x——
2 4 T,

where I represents the output current, and N represents a
turns ratio between the primary winding 2110 and the sec-
ondary winding 2112. Using Equations 29 and 31, Equation
32 becomes:

; 1 I
==X X
CT 20 L+ 1,

Vrhoc (33)

Rs

For example, based on Equation 33, the output current I, is
constant because I,, I,, V., and R are constants. In another
example, the power conversion system 2100 intends to keep
bothV ,, and

Tpemag
T

constant, in order to keep the output current I, constant.
FIG. 24 is a simplified diagram for a switch-mode power
conversion system with primary-side sensing and regulation
according to another embodiment of the present invention.
This diagram is merely an example, which should not unduly
limit the scope of the claims. One of ordinary skill in the art
would recognize many variations, alternatives, and modifica-
tions.
A switch-mode power conversion system 2400 includes
the following components:
a component 2420 for generating a Demag signal and a
Sampling_clk signal;
a component 2422 for sampling and holding one or more
signals;
a component 2438 for generating a PWM/PFM modulation
signal;
a component 2440 for current sensing (CS) peak regula-
tion;
a component 2446 for generating a gate drive signal;
an oscillator 2462;
a voltage-to-current converter 2510;
a component 2520 for determining the difference between
two input signals in magnitude;
a clock divider 2610,
a pulse copy circuit 2620; and
a phase detector and charge pump 2635.
In one embodiment, the components 2420, 2422, 2438,
2440 and 2446, the oscillator 2462, the voltage-to-current
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converter 2510, the component 2520, the clock divider 2610,
the pulse copy circuit 2620, and the phase detector and charge
pump 2635 are located on a chip 2490. For example, the chip
2490 includes at least terminals 2416, 2452 and 2466.

Although the above has been shown using a selected group
of components for the system 2400, there can be many alter-
natives, modifications, and variations. For example, some of
the components may be expanded and/or combined. In
another example, a leading-edge blanking component is
inserted between the terminal 2466 and the component 2440,
and the inserted leading-edge blanking component receives a
signal from the terminal 2466 and outputs a signal 2464 to the
component 2440. Depending upon the embodiment, the
arrangement of components may be interchanged with others
replaced. Further details of these components are found
throughout the present specification.

For example, the switch-mode power conversion system
2400 is the same as the switch-mode power conversion sys-
tem 500. In another example, the chip 2490 is the same as the
chip 590. In yet another example, the terminals 2416, 2452
and 2466 are the same as the terminals 516, 552 and 566
respectively.

In yet another example, the components 2420, 2422, 2438,
2440 and 2446 are the same as the components 520, 522, 538,
540 and 546 respectively, and the oscillator 2462 is the same
as the oscillator 562. In yet another example, the voltage-to-
current converter 2510 is the same as the voltage-to-current
converter 1510, and the component 2520 is the same as the
component 1520. In yet another example, the clock divider
2610 and the pulse copy circuit 2620 are the same as the clock
divider 1610 and the pulse copy circuit 1620 respectively, and
the phase detector and charge pump 2635 includes the phase
detector 1630 and the charge pump 1640. Referring back to
FIGS. 17 and 18, the component 542 includes the voltage-to-
current converter 1510, the component 1520, and the phase-
lockloop 1530, and the phase-lock loop 1530 includes at least
the pulse copy circuit 1620, the phase detector 1630, and the
charge pump 1640 according to one embodiment.

In yet another example, signals 2414, 2444, 2448, 2460,
2464 and 2474 are the same as the signals 514, 544, 548, 560,
564 and 574 respectively. In yet another example, signals
2512 and 2522 are the same as the signals 1512 and 1522
respectively. In yet another example, signals 2612, 2614,
2629, 2644, and 2660 are the same as the signals 1612, 1614,
1629, 1644, and 1660.

FIG. 25 is a simplified diagram showing certain devices for
the component 2440 for current sensing (CS) peak regulation
as part of the switch-mode power conversion system 2400
according to an embodiment of the present invention. This
diagram is merely an example, which should not unduly limit
the scope of the claims. One of ordinary skill in the art would
recognize many variations, alternatives, and modifications.
As shown in FIG. 25, the component 2440 includes a high-
speed comparator 2710, a logic control component 2722, a
charge pump 2724, a dynamic threshold generator 2730, and
an over-current-protection (OCP) comparator 2740.

For example, the component 2440 includes a high-speed
comparator 2710, a dynamic threshold generator 2730, and
an over-current-protection (OCP) comparator 2740 are the
same as the high-speed comparator 1810, the dynamic thresh-
old generator 1830, and the over-current-protection (OCP)
comparator 1840. In another example, the logic control com-
ponent 2722 and the charge pump 2724 form the charge pump
1820. In yet another example, signals 2464 and 2474 are the
same as the signals 564 and 574 respectively. In yet another
example, signals 2712,2726, and 2735 are the same as signals
1812, 1826, and 1835 respectively.
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Returning to FIG. 24, according to one embodiment, the
switch-mode power conversion system 2400 is a flyback
power converter. In another embodiment, the switch-mode
power conversion system 2400 includes one or more compo-
nents for controlling the switching frequency, and one or
more components for controlling the peak current that flows
through the primary winding. For example, the peak current is
regulated to a predetermined level, regardless of the line AC
input voltage.

According to another embodiment, the output voltage of
the switch-mode power conversion system 2400 is repre-
sented by the signal 2414 (e.g., V) through the terminal
2416 (e.g., the terminal FB). For example, the signal 2414
(e.g., V) is sampled and held by the component 2422,
whose output VvV, is received by the voltage-to-current con-
verter 2510. In another example, the voltage-to-current con-
verter 2510, together with the component 2520, generates the
signal 2522, which is used to determine the frequency of the
signal 2660 generated by the oscillator 2462.

According to yet another embodiment, the signal 2414
(e.g., Vp) is received by the component 2420. For example,
the component 2420 outputs the Demag signal to the pulse
copy circuit 2620, and the Demag signal represents the dura-
tion of the demagnetization process (e.g., Tp,,..g)- In yet
another example, the Demag signal is processed by a phase
lock loop that includes the oscillator 2462, the clock divider
2610, the pulse copy circuit 2620, the phase detector and
charge pump 2635, and the component 2520. In yet another
example, the phase lock loop adjusts the oscillation frequency
of the signal 2660 so that

1 34)
" BXTpemag

Fow

where f is a constant. In yet another example, f is equal to
2.

FIG. 26 is a simplified timing diagram for the switch-mode
power conversion system 2400 according to an embodiment
of the present invention. This diagram is merely an example,
which should not unduly limit the scope of the claims. One of
ordinary skill in the art would recognize many variations,
alternatives, and modifications.

As shown in FIG. 26, the waveform 2680 represents the
signal 2612 (e.g., CLK2) as a function of time, and the wave-
form 2682 represents the signal 2614 (e.g., CL.LK4) as a func-
tion of time. Additionally, the waveform 2684 represents the
Demag signal as a function of time, the waveform 2686
represents the signal 2629 as a function of time, and the
waveform 2688 represents the signal 2522 as a function of
time.

For example, at the falling edge of the signal 2614 (corre-
sponding to the waveform 2682), the Demag signal (corre-
sponding to the waveform 2684) is synchronized as the signal
2629 (corresponding to the waveform 2686). In another
example, at the falling edge of the signal 2629 (corresponding
to the waveform 2686), the signal 2612 (corresponding to the
waveform 2680) is sampled.

According to one embodiment, if the sampled value for the
signal 2612 corresponds to the logic low level, the duration of
the demagnetization process (e.g., T ., ) is smaller than the
half cycle of the signal 2612 (corresponding to the waveform
2680). According to another embodiment, in response, the
signal 2522 (corresponding to the waveform 2688) decreases
in magnitude, causing the frequency of the signal 2612 (cor-
responding to the waveform 2680) to decrease as well.
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FIG. 25 and/or FIG. 20 show one or more implementations
for regulating the peak current of the primary winding accord-
ing to certain embodiments. For example, in the constant
current (CC) mode, the peak value of the sensed voltage (e.g.,
V) is regulated to a predetermined level through feedback,
regardless of the line AC input voltage and/or the delay time.

In another example, as shown in FIG. 25, when the power
switch (e.g., the switch 550) is just turned off, the signal 2464
(e.g., V) is compared with a predetermined threshold signal
(e.g., V5, oo) by the comparator 2710. According to one
embodiment, the comparator 2710 outputs the signal 2712 in
order to adjust the signal 2735 (e.g., the signal OCP_ref),
which is used as a threshold voltage for the comparator 2740.
According to another embodiment, the peak value of the
sensed voltage (e.g., V) is regulated to the predetermined
level (e.g., V,, ,.) through such feedback, so that the output
current of the switch-mode power conversion system 2400 is
kept constant.

FIG. 27 is a simplified timing diagram for the component
540 or 2440 for current sensing (CS) peak regulation as part
of the switch-mode power conversion system 500 or 2400
respectively according to certain embodiments of the present
invention. This diagram is merely an example, which should
not unduly limit the scope of the claims. One of ordinary skill
in the art would recognize many variations, alternatives, and
modifications.

Referring to FIGS. 27 and 20, according to one embodi-
ment, the waveform 2780 represents the signal 560 (e.g.,
CLK) as a function of time, and the waveform 2782 repre-
sents the signal 564 (e.g., CS) as a function of time. According
to another embodiment, the waveform 2784 represents the
signal LEB_b as a function of time, and the waveform 2786
represents the signal 1812 (e.g., OCP_det) as a function of
time. According to yet another embodiment, the waveform
2790 represents, as a function of time, a signal (e.g., UP) that
is the AND result of the signal Charge_con_b and the signal
Charge, and the waveform 2792 represents, as a function of
time, a signal (e.g., DOWN) that is the AND result of the
signal Charge_con and the signal Charge_b. For example, the
signal Charge and the signal Charge_b each are a short pulse
signal. According to yet another embodiment, the waveform
2794 represents the signal 1826 (e.g., V_,,,,.,;) as a function of
time, and the waveform 2796 represents the signal 1835 (e.g.,
OCP_ref) as a function of time.

As shown in FIG. 27, if the peak of the signal 564 (corre-
sponding to the waveform 2782) is smaller than Vth_oc (e.g.,
0.9V), the signal 1812 (corresponding to the waveform 2786)
is at the logic low level and the signal 1835 (corresponding to
the waveform 2796) increases step by step according to one
embodiment. According to another embodiment, if the signal
564 (corresponding to the waveform 2782) becomes larger
than Vth_oc (e.g., 0.9V) for a period of time, the signal 1812
(corresponding to the waveform 2786) is at the logic high
level for the same period of time and the signal 1835 (corre-
sponding to the waveform 2796) decreases step by step, in
order to dynamically achieve a constant peak value for the
sensed voltage (e.g., V,,) at the predetermined level (e.g.,
Vth oc)s

FIG. 28 is a simplified diagram for a switch-mode power
conversion system with primary-side sensing and regulation
according to yet another embodiment of the present inven-
tion. This diagram is merely an example, which should not
unduly limit the scope of the claims. One of ordinary skill in
the art would recognize many variations, alternatives, and
modifications.

The power conversion system 2800 includes a primary
winding 2810, a secondary winding 2812, an auxiliary wind-
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ing 2814, resistors 2820, 2822, and 2824, a switch 2830, a
ramp generator 2832, a transconductance amplifier 2834, a
cycle-by-cycle peak generator 2836, a leading-edge blanking
component 2838, a demagnetization detection component
2850, a current source 2860, a current sink 2862, switches
2864 and 2866, a NOT gate 2870, capacitors 2872 and 2858,
comparators 2880 and 2882, a flip-flop component 2890, and
a drive component 2892.

For example, the ramp generator 2832, the transconduc-
tance amplifier 2834, the cycle-by-cycle peak generator
2836, the leading-edge blanking component 2838, the
demagnetization detection component 2850, the current
source 2860, the current sink 2862, the switches 2864 and
2866, the NOT gate 2870, the capacitor 2872, the compara-
tors 2880 and 2882, the flip-flop component 2890, and the
drive component 2892 are located on a chip 2840. In another
example, the chip 2840 includes at least terminals 2842,
2844, 2846, and 2848. In yet another example, the system
2800 is a switch-mode flyback power conversion system. In
yet another example, the demagnetization detection compo-
nent 2850 is the same as the demagnetization detection com-
ponent 2150 as shown in FIG. 22.

FIG. 29 is a simplified timing diagram for the switch-mode
power conversion system 2800 according to an embodiment
of the present invention. This diagram is merely an example,
which should not unduly limit the scope of the claims. One of
ordinary skill in the art would recognize many variations,
alternatives, and modifications.

As shown in FIG. 29, the waveform 2910 represents an
input signal 2813 (e.g., V,,,) as a function of time, the wave-
form 2920 represents a ramp signal 2833 (e.g., V) as a
function of time, and the waveform 2922 represents a signal
2881 (e.g., CMP) as a function of time. Additionally, the
waveform 2930 represents a sensing signal 2847 (e.g., V_ ) as
a function of time, and the waveform 2940 represents a peak
signal 2837 (e.g., V_,) as a function of time.

Moreover, the waveform 2950 represents a feedback signal
2843 (e.g., V) as a function of time, and the waveform 2960
represents a Demag signal 2851 as a function of time, and the
waveform 2970 represents another ramp signal 2865 (e.g.,
V ,)as afunction of time. Also, the waveform 2980 represents
a control signal 2885 as a function of time, and the waveform
2990 represents a drive signal 2893 as a function of time.

As shown in FIGS. 28 and 29, when the drive signal 2893
(corresponding to the waveform 2990) is at the logic high
level, the switch 2830 is turned on. The current 2811 that
flows through the primary winding 2810 ramps up linearly,
and the signal 2847 (e.g., V) also ramps up linearly through
the leading-edge blanking component 2838 according to one
embodiment. For example, the signal 2847 (e.g., V) is
received by the cycle-by-cycle peak detector 2836, which
detects the peak value of the signal 2847 within each switch-
ing period and outputs the peak signal 2837 (corresponding to
the waveform 2940) that is representative of the detected peak
value of the signal 2847. In another example, the peak signal
2837 (e.g., V,) is received by the transconductance amplifier
2834, whichalso receives a reference signal 2835 (e.g., V).

According to one embodiment, the voltage difference
between the peak signal 2837 (e.g., V,) and the reference
signal 2835 (e.g., V) is amplified and converted into a
current signal, which in turn is converted into the voltage
signal 2881 (e.g., CMP) by the capacitor 2858. According to
another embodiment, the voltage signal 2881 (corresponding
to the waveform 2922) is received by the comparator 2880,
which also receives the ramp signal 2833 (corresponding to
the waveform 2920).
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For example, the voltage signal 2881 (e.g., CMP) is con-
stant with time in magnitude. In another example, the com-
parator 2880 compares the voltage signal 2881 (correspond-
ing to the waveform 2922) with the ramp signal 2833
(corresponding to the waveform 2920), and outputs a com-
parison signal 2887 to the flip-flop component 2890. In one
embodiment, the flip-flop component 2890 also receives the
control signal 2885 from the comparator 2882 and generates
amodulation signal 2891. In another embodiment, the modu-
lation signal 2891 is received by the driver component 2892,
which in response generates the drive signal 2893.

As shown by the waveforms 2920 and 2990, if the ramp
signal 2833 (e.g., V) reaches the voltage signal 2881 (e.g.,
CMP), the drive signal 2893 changes from the logic high level
to the logic low level and the switch 2830 is turned off. For
example, when the switch 2830 is turned off, the stored
energy is delivered to the output of the power conversion
system 2800 and the demagnetization process starts. In
another example, during the demagnetization process, the
current that flows through the secondary winding 2812 ramps
down linearly.

As shown in FIG. 28, an output voltage (e.g., V,,,,) of the
auxiliary winding 2814 images the output voltage (e.g.,V, ) of
the power conversion system 2800, and is converted into the
feedback signal 2843 (e.g., V) by the resistors 2820 and
2822. For example, the feedback signal 2843 (e.g., V) is
received by the demagnetization detection component 2850,
which compares the feedback signal 2143 (e.g., V) with a
threshold signal (e.g., 0.1V).

According to one embodiment, as shown by the waveforms
2950 and 2960, when the feedback signal 2843 (e.g., V)
rises above the threshold signal (e.g., 0.1 V), the Demag
signal 2851 changes to the logic high level, which indicates
the beginning of the demagnetization process. According to
another embodiment, when the feedback signal 2843 (e.g.,
Vzg) drops below the threshold signal (e.g., 0.1V), the
Demag signal 2851 changes to the logic low level, which
indicates the end of the demagnetization process. For
example, the demagnetization process ends when the current
that flows through the secondary winding 2812 drops to
almost zero. In another example, after the end of the demag-
netization process, the power conversion system 2800 enters
the state of resonance oscillation, and the feedback signal
2843 (e.g., V) (corresponding to the waveform 2310) is
approximately a sine wave.

As shown in FIG. 28, the Demag signal 2851 is received by
the switch 2866 and the NOT gate 2870, which in response
outputs a signal 2871 to the switch 2864. For example, if the
Demag signal 2851 is at the logic high level, the switch 2864
is open and the switch 2866 is closed. Therefore, the capacitor
2872 is discharged by the current sink 2862, and the ramp
signal 2865 (e.g., V) decreases linearly according to one
embodiment. In another example, if the Demag signal 2851 is
atthe logic low level, the switch 2864 is closed and the switch
2866 is open. Therefore, the capacitor 2872 is charged by the
current source 2860, and the ramp signal 2865 (e.g., V)
increases linearly according to another embodiment.

According to yet another embodiment, the ramp signal
2865 (e.g., V) is received by the comparator 2882, which
also receives a threshold signal 2883 (e.g., V,.,). For
example, the comparator 2882 compares the ramp signal
2865 (e.g., V ;) with the threshold signal 2883 (e.g., V),
and outputs the control signal 2885 to the flip-flop component
2890. As shown by the waveforms 2970 and 2990, if the ramp
signal 2865 (e.g., V) reaches the threshold signal 2883 (e.g.,
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V,.n) in magnitude, the drive signal 2893 changes from the
logic low level to the logic high level and the switch 2830 is
turned on.

FIG. 30 is a simplified diagram for the cycle-by-cycle peak
generator 2836 as part of the power conversion system 2800
according to an embodiment of the present invention. This
diagram is merely an example, which should not unduly limit
the scope of the claims. One of ordinary skill in the art would
recognize many variations, alternatives, and modifications.

In one embodiment, the cycle-by-cycle peak generator
2836 includes a comparator 3010, switches 3020, 3022 and
3024, a buffer 3030, capacitors 3040 and 3042, a current
source 3050, and a one-shot generator 3060. In another
embodiment, the switches 3022 and 3024 are controlled by
signals 3062 and 3064 respectively, which are generated by
the one-shot generator 3060 in response to the drive signal
2893. For example, the signals 3062 and 3064 each are a
one-shot signal with a pulse width of 300 ns.

FIG. 31 is a simplified timing diagram for the cycle-by-
cycle peak generator 2836 as part of the switch-mode power
conversion system 2800 according to an embodiment of the
present invention. This diagram is merely an example, which
should not unduly limit the scope of the claims. One of
ordinary skill in the art would recognize many variations,
alternatives, and modifications.

As shown in FIG. 31, the waveform 3110 represents the
drive signal 2893 as a function of time, and the waveform
3120 represents the sensing signal 2847 (e.g., V) as a func-
tion of time. Additionally, the waveform 3130 represents the
one-shot signal 3062 as a function of time, and the waveform
3140 represents the one-shot signal 3064 as a function of
time. Moreover, the waveform 3150 represents a signal 3023
(e.g., V_;) as a function of time, and the waveform 3160
represents a signal 3031 as a function of time. Also, the
waveform 3180 represents the peak signal 2837 (e.g., V) as
a function of time.

As shown in FIGS. 30 and 31, the one-shot generator 3060
receives the drive signal 2893 (corresponding to the wave-
form 3110) and generates the one-shot signal 3062 (corre-
sponding to the waveform 3130) in response to rising edges of
the drive signal 2893. For example, the one-shot signal 3062
has a pulse width of 300 ns. In another example, when the
one-shot signal 3062 is at the logic high level, the switch 3022
is closed; therefore, the capacitor 3040 is discharged and the
signal 3023 (corresponding to the waveform 3150) decreases
to the logic low level.

In yet another example, the signal 3023 (corresponding to
the waveform 3150) is received by the comparator 3010,
which compares the signal 3023 with the signal 2847 (corre-
sponding to the waveform 3120). According to one embodi-
ment, if the signal 2847 is larger than the signal 3023 in
magnitude, the switch 3020 is closed and the capacitor 3022
is charged by the current source 3050. According to another
embodiment, if the signal 3023 reaches the signal 2847 in
magnitude, the switch 3020 is open; therefore, the signal
3023 represents the peak value of the signal 2874 in the
corresponding signal cycle until the switch 3022 is closed
again by the next pulse ofthe one-shot signal 3022. According
to yet another embodiment, the signal 3023 is received by the
buffer 3030, which generates the signal 3031 (corresponding
to the waveform 3160).

According to yet another embodiment, the one-shot gen-
erator 3060 receives the drive signal 2893 (corresponding to
the waveform 3110) and generates the one-shot signal 3064
(corresponding to the waveform 3140) in response to falling
edges of the drive signal 2893. For example, the one-shot
signal 3064 has a pulse width 0of 300 ns. In another example,
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when the one-shot signal 3064 is at the logic high level, the
switch 3024 is closed; therefore, the capacitor 3042 is
charged and the signal 2837 (corresponding to the waveform
3170) is used to sample the signal 3031. In yet another
example, the sampled signal 3031 is held on the capacitor
3042 and outputted as the signal 2837 that is representative of
the peak value of the signal 2874 in the corresponding signal
cycle until the arrival of the next pulse of the drive signal
2844.

Referring to FIG. 28, for example, the switching period of
the power conversion system 2800 is as follows:

L+ (35)

T, =

X TDemag

where T, represents the switching period, and Tp,,,,,,,, rep-
resents duration of the demagnetization process. 1, represents
the magnitude of the charging current by the current source
2860, and I, represents the magnitude of the discharging
current by the current sink 2862.

According to one embodiment, an AC input signal 2815 is
converted into the rectified input signal 2813 (e.g., V,,) as
follows:

on 36
Vin = ‘\/7 xV,mesin(— X[)‘ (36)
Tac

where V,, represents the rectified input signal 2813. Addi-
tionally, V,,, . represents the root-mean-square magnitude of
the AC input signal 2815, and T , - represents the period of the
AC input signal 2815. For example, T . is equal to 20 ms.

In another example, consequently, the peak signal 2837 is

‘\/7 X Vs X sin(2 X l‘]‘ S

T
AC X oy X Ry
L,

Vez

where V_, represents the peak signal 2837. Additionally,
t,,, represents the pulse width of the drive signal 2893, and R
represents the resistance value of the resistor 2824. Also, L,
represents the inductance of the primary winding 2810.

In yet another example, as shown in FIG. 28, the peak
signal 2837 is averaged and the average of the peak signal
2837 is made equal to the reference signal 2835. According to
one embodiment, if

&m 1 (38)

_°om L
27X Comp  KXTye

1 T 1 T
:ijo‘ Vdd[:?xjo‘ Ves_pr d

where g, is the transconductance value of the transconduc-
tance amplifier 2834, and C,,,, is the capacitance value of the
capacitor 2858. Additionally, T represents an integration
period, and K is a positive integer that is much lager than 1.
For example, T is equal to or larger than T .. In another
example, K is no smaller than 3. In yet another example, K is
equal to 3, 5, 6, 10, or 20. In yet another example, the band-
width of the transconductance amplifier 2834 is much smaller
than the frequency of the AC input signal 2815. Moreover,

(39
then, Vierz = Vs ave
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Vs _ave Tepresents the average of the peak signal 2837, and
V.. represents the reference signal 2835. Also, V, ;. rep-
resents the peak value of the signal 2847, which is, for
example, equal to V.
According to another embodiment, as shown in FIG. 28,

Toaneg ;. (40)

1 1 Ty,
Ioz—xNx—fojkx
2 T°) TR, T,

where |, represents the output current of the switch-mode
power conversion system 2800 and N represents a turns ratio
between the primary winding 2810 and the secondary wind-
ing 2812. Additionally, R, represents the resistance value of
theresistor 2824, and T, represents the switching period of the
power conversion system 2800. Moreover, Ty, represents
duration of the demagnetization process within each switch-
ing cycle.

According to yet another embodiment, combining Equa-
tions 35 and 39 with Equation 40, one can obtain the follow-
ing:

PRI by @1
R A T e

For example, based on Equation 41, the output current I, is
constant because 1,, 1,, V, . R, and N are all constants. In
another example, the power conversion system 2800 keeps

1 T T,
—xf Ves pid1 and ZDemag
T s

s

constant, in order to keep the output current I, constant. In one
embodiment,

1 T
ij(; Ves prdt

is kept constant by at least satisfying Equation 38. In another
embodiment,

Tpemag
7

is kept constant by at least satisfying Equation 35.

As discussed above and further emphasized here, FIG. 28
is merely an example, which should not unduly limit the
scope of the claims. One of ordinary skill in the art would
recognize many variations, alternatives, and modifications.
For example, the power conversion system 2800 includes one
or more bulk capacitors to convert an AC input signal 2815
into a DC signal that is received by the primary winding 2810,
as shown in FIG. 32.

FIG. 32 is a simplified diagram for a switch-mode power
conversion system with primary-side sensing and regulation
according to yet another embodiment of the present inven-
tion. This diagram is merely an example, which should not
unduly limit the scope of the claims. One of ordinary skill in
the art would recognize many variations, alternatives, and
modifications.
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For example, the power conversion system 3200 is the
same as the power conversion system 2800, except that the
power conversion system 3200 also includes capacitors 3210
and 3220, a resistor 3230, and an inductor 3240. In another
example, the capacitors 3210 and 3220, the resistor 3230, and
the inductor 3240 are used to convert an AC input signal 3215
into a DC input signal 3213 (e.g., V).

According to one embodiment, an advantage of the power
conversion system 2800 is that there is no need for using one
or more bulk capacitors and converting the AC input signal
into a DC input signal that is received by the primary winding
2810. According to yet another embodiment, nonetheless, the
power conversion system 2800 can operated with one or more
such bulk capacitors as shown in FIG. 32.

FIG. 33 is a simplified diagram for a switch-mode power
conversion system with primary-side sensing and regulation
according to yet another embodiment of the present inven-
tion. This diagram is merely an example, which should not
unduly limit the scope of the claims. One of ordinary skill in
the art would recognize many variations, alternatives, and
modifications.

The power conversion system 3300 includes a primary
winding 3310, a secondary winding 3312, an auxiliary wind-
ing 3314, resistors 3320, 3322, and 3324, a switch 3330, a
transconductance amplifier 3334, a cycle-by-cycle peak gen-
erator 3336, a leading-edge blanking component 3338, a
demagnetization detection component 3350, an oscillator
3360, an AND gate 3366, a capacitor 3358, an integrator
3370, a comparator 3382, a flip-flop component 3390, and a
drive component 3392.

For example, the transconductance amplifier 3334, the
cycle-by-cycle peak generator 3336, the leading-edge blank-
ing component 3338, the demagnetization detection compo-
nent 3350, the oscillator 3360, the AND gate 3366, the inte-
grator 3370, the comparator 3382, the flip-flop component
3390, and the drive component 3392 are located on a chip
3340. In another example, the chip 3340 includes at least
terminals 3342, 3344, 3346, and 3348. In yet another
example, the system 3300 is a switch-mode flyback power
conversion system. In yet another example, the demagnetiza-
tion detection component 3350 is the same as the demagne-
tization detection component 2150 as shown in FIG. 22. In yet
another example, the cycle-by-cycle peak generator 3336 is
the same as the cycle-by-cycle peak generator 2836 as shown
in FIG. 30. In yet another example, the integrator 3370 is a
cycle-by-cycle integrator that is reset after each switching
cycle (e.g., at the end of the demagnetization process within
each switching cycle).

FIG. 34 is a simplified diagram for the integrator 3370 as
part of the power conversion system 3300 according to an
embodiment of the present invention. This diagram is merely
an example, which should not unduly limit the scope of the
claims. One of ordinary skill in the art would recognize many
variations, alternatives, and modifications.

In one embodiment, the integrator 3370 includes switches
3420, 3422 and 3424, a buffer 3430, capacitors 3440 and
3442, transistors 3450, 3452 and 3454, an amplifier 3460,
one-shot generators 3460 and 3462, and a resistor 3470. In
another embodiment, the switch 3320 is controlled by a
Demag signal 3351. In yet another embodiment, the switches
3422 and 3424 are controlled by signals 3461 and 3463
respectively. For example, the signal 3461 is generated by the
one-shot generator 3460 in response to a drive signal 3393. In
another example, the signal 3463 is generated by the one-shot
generator 3462 in response to the Demag signal 3351.

FIG. 35 is a simplified timing diagram for the switch-mode
power conversion system 3300 including the integrator 3370
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as shown in FIGS. 33 and 34 according to an embodiment of
the present invention. This diagram is merely an example,
which should not unduly limit the scope of the claims. One of
ordinary skill in the art would recognize many variations,
alternatives, and modifications.

As shown in FIG. 35, the waveform 3510 represents the
drive signal 3393 as a function of time, the waveform 3520
represents a sensing signal 3347 (e.g., V_,) as a function of
time, and the waveform 3530 represents a peak signal 3337
(e.g., V,,) as a function of time. Additionally, the waveform
3540 represents a one shot signal 3461 as a function of time,
and the waveform 3550 represents a one shot signal 3463 as
a function of time. Moreover, the waveform 3560 represents
the Demag signal 3351 as a function of time. Also, the wave-
form 3570 represents a signal 3423 as a function of time, and
the waveform 3580 represents a signal 3372 as a function of
time.

As shown in FIGS. 34 and 35, the one-shot generator 3460
receives the drive signal 3393 (corresponding to the wave-
form 3510) and generates the signal 3461 (corresponding to
the waveform 3540) in response to rising edges of the drive
signal 3393. For example, the signal 3461 is a one-shot signal.
In another example, when the one-shot signal 3461 is at the
logic high level, the switch 3422 is closed; therefore, the
capacitor 3440 is discharged and the signal 3423 (corre-
sponding to the waveform 3570) decreases to the logic low
level.

According to one embodiment, when the Demag signal
3351 (corresponding to the waveform 3560) is at the logic
high level, the switch 3420 is closed. According to another
embodiment, the peak signal 3337 (corresponding to the
waveform 3530) is received by the amplifier 3460, which
converts the peak signal 3337 as a voltage signal to a current
signal that is used to charge the capacitor 3440 when the
switch 3420 is closed by the Demag signal 3351. For
example, the capacitor 3440 outputs the signal 3423 (corre-
sponding to the waveform 3570). In another example, the
signal 3423 is received by the buffer 3030, which generates
the signal 3431.

According to yet another embodiment, the one-shot gen-
erator 3462 receives the Demag signal 3351 (corresponding
to the waveform 3560) and generates the signal 3463 (corre-
sponding to the waveform 3550) in response to falling edges
of'the Demag signal 3351. For example, the signal 3463 is a
one-shot signal. In another example, when the one-shot signal
3463 is at the logic high level, the switch 3424 is closed;
therefore, the capacitor 3442 is charged and the signal 3372
(corresponding to the waveform 3580) is used to sample the
signal 3431. In yet another example, the sampled signal 3431
is held on the capacitor 3442 and outputted as the signal 3372
until the arrival of the next pulse of the drive signal 3344.

According to yet another embodiment, the signal 3372 is

Ve2 X Tpemag 42)

Tp. 1% 1
Vc4=f Emag_czx dr=
o Ry x5

Ry " Cy

where V_, represents the signal 3372, and V, represents
the peak signal 3337. Additionally, T,,,,,, represents dura-
tion of the demagnetization process within each switching
cycle. Moreover, R, represents the resistance value of the
resistor 3470, and C, represents the capacitance value of the
capacitor 3440.

FIG. 36 is a simplified diagram for the oscillator 3360 as
part of the power conversion system 3300 according to an
embodiment of the present invention. This diagram is merely
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an example, which should not unduly limit the scope of the
claims. One of ordinary skill in the art would recognize many
variations, alternatives, and modifications.

In one embodiment, the oscillator 3360 includes at least a
resistor 3640 and a capacitor 3650. In another embodiment,
the oscillator 3360 receives reference signals 3610, 3620, and
3630, and generates a clock signal 3362 and a ramp signal
3364. In yet another embodiment, the period of the clock
signal 3362 and the ramp signal 3364 is determined by

Vierz = Vier3 3)

Tose = 2% R5 X C5 X
Vief1

where T, represents the period of the clock signal 3362
and the ramp signal 3364. Additionally, V,4, V,., and V4
represent the reference signals 3610, 3620 and 3630 respec-
tively. Moreover, R represents the resistance value of the
resistor 3640, and C, represents the capacitance value of the
capacitor 3650.

In yet another embodiment, the switching period of the
power conversion system 3300 is equal to the period of the
clock signal 3362 and the ramp signal 3364, and the switching
frequency is determined as follows:

Vier1 (44)

T 2XRs X Cs X (Vygpa — Vigr3)

Fow

where F,, represents the switching frequency of the power
conversion system 3300. For example, the power conversion
system 3300 operates with a fixed switching frequency.

FIG. 37 is a simplified timing diagram for the switch-mode
power conversion system 3300 according to an embodiment
of the present invention. This diagram is merely an example,
which should not unduly limit the scope of the claims. One of
ordinary skill in the art would recognize many variations,
alternatives, and modifications.

As shown in FIG. 37, the waveform 3710 represents an
input signal 3313 (e.g., V,,) as a function of time, and the
waveform 3720 represents the drive signal 3393 as a function
of time. Additionally, the waveform 3730 represents a clock
signal 3362 as a function of time, the waveform 3740 repre-
sents a ramp signal 3364 as a function of time, and the wave-
form 3742 represents a signal 3381 (e.g., CMP) as a function
of'time. Moreover, the waveform 3750 represents the sensing
signal 3347 (e.g., V) as afunction of time, and the waveform
3760 represents the peak signal 3337 (e.g., V,) as a function
of time. Moreover, the waveform 3770 represents the Demag
signal 3351 as a function of time, and the waveform 3780
represents the signal 3372 as a function of time.

As shown in FIGS. 33 and 37, at a rising edge of the clock
signal 3362 (corresponding to the waveform 3730), the drive
signal 3393 (corresponding to the waveform 3720) changes to
the logic high level and the switch 3330 is turned on. The
current 3311 that flows through the primary winding 3310
ramps up linearly, and the signal 3347 (e.g., V) also ramps
up linearly through the leading-edge blanking component
3338 according to one embodiment. For example, the signal
3347 (e.g., V,,) is received by the cycle-by-cycle peak detec-
tor 3336, which detects the peak value of the signal 3347
within each switching period and outputs the peak signal
3337 (corresponding to the waveform 3760) that is represen-
tative of the detected peak value of the signal 3347. In another
example, the peak signal 3337 (e.g., V,) is received by the
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integrator 3370, which also receives the drive signal 3393
(corresponding to the waveform 3720) and the Demag signal
3351 (corresponding to the waveform 3770) and outputs the
signal 3372 (corresponding to the waveform 3780) to the
transconductance amplifier 3334.

According to one embodiment, the transconductance
amplifier 3334 also receives a reference signal 3335 (e.g.,
V.., and in response, amplifies and converts the voltage
difference between the signal 3372 (e.g., V_,) and the refer-
ence signal 3335 (e.g., V,.) into a current signal, which in
turn is converted into the voltage signal 3381 (e.g., CMP) by
the capacitor 3358. According to another embodiment, the
voltage signal 3381 (corresponding to the waveform 3742) is
received by the comparator 3382, which also receives the
ramp signal 3364 (corresponding to the waveform 3740).

For example, the voltage signal 3381 (e.g., CMP) is con-
stant with time in magnitude. In another example, the com-
parator 3382 compares the voltage signal 3381 (correspond-
ing to the waveform 3742) with the ramp signal 3364
(corresponding to the waveform 3740), and outputs a com-
parison signal 3385 to the flip-flop component 3390. In one
embodiment, the flip-flop component 3390 also receives at
least the clock signal 3362 from the oscillator 3360 and gen-
erates a signal 3391. In another embodiment, the signal 3391
is received by the AND gate 3366, which also receives the
clock signal 3362 and generates a modulation signal 3368. In
yet another embodiment, the driver component 3392 receives
the modulation signal 3368 and generates the drive signal
3393.

As shown by the waveforms 3720, 3740 and 3742, if the
ramp signal 3364 reaches the voltage signal 3381 (e.g.,
CMP), the drive signal 3393 changes from the logic high level
to the logic low level and the switch 3330 is turned off. For
example, when the switch 3330 is turned off, the stored
energy is delivered to the output of the power conversion
system 3300 and the demagnetization process starts. In
another example, during the demagnetization process, the
current that flows through the secondary winding 3312 ramps
down linearly.

As shown in FIG. 33, an output voltage (e.g., V) of the
auxiliary winding 3314 images the output voltage (e.g., V) of
the power conversion system 3300, and is converted into the
feedback signal 3343 (e.g., Vz) by the resistors 3320 and
3322. For example, the feedback signal 3343 (e.g., V) is
received by the demagnetization detection component 3350,
which compares the feedback signal 3343 (e.g., V) with a
threshold signal (e.g., 0.1V).

According to one embodiment, when the feedback signal
3343 (e.g., V) rises above the threshold signal (e.g., 0.1 V),
the Demag signal 3351 changes to the logic high level, which
indicates the beginning of the demagnetization process, as
shown by the waveform 3770. According to another embodi-
ment, when the feedback signal 3343 (e.g., Vzz) drops below
the threshold signal (e.g., 0.1V), the Demag signal 3351
changes to the logic low level, which indicates the end of the
demagnetization process. For example, the demagnetization
process ends when the current that flows through the second-
ary winding 3312 drops to almost zero. In another example,
after the end of the demagnetization process, the power con-
version system 3300 enters the state of resonance oscillation,
and the feedback signal 3343 (e.g., V) is approximately a
sine wave. According to yet another embodiment, as shown
by the waveforms 3720 and 3730, at the next rising edge of the
clock signal 3362, the drive signal 3393 again changes to the
logic high level and the switch 3330 is again turned on.

In one embodiment, an AC input signal 3315 is converted
into the rectified input signal 3313 (e.g., V,,,) as follows:
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Vin

on
V2 x Vims X sin(— X l‘)‘
Tac

where V,, represents the rectified input signal 3313. Addi-
tionally, V,,, . represents the root-mean-square magnitude of
the AC input signal 3315, and T , - represents the period of the
AC input signal 3315. For example, T . is equal to 20 ms.
In another example, the peak signal 3337 is

Vin 46
— Xl X Ry “6)

Ly

Ver =

where V _, represents the peak signal 3337. Additionally,
t,,, represents the pulse width of the drive signal 3393, and R,
represents the resistance value of the resistor 3324. Also, L
represents the inductance of the primary winding 3310.

In yet another example, based on Equation 42, the signal
3372 is equal to

Vo= Voo XTpemag _ Ves pk X Tpemag @7
o= Ry X (3 - Ry xC3
where V_, represents the signal 3372, and T,,,,,,, repre-

sents duration of the demagnetization process within each
switching cycle. Additionally, R, represents the resistance
value of the resistor 3470, and C; represents the capacitance
value of the capacitor 3440. Moreover, V., . represents the
peak value of the signal 3347, which is, for example, equal to
V.

In yet another example, as shown in FIG. 33, the signal
3372 is averaged and the average of the signal 3372 is made
equal to the reference signal 3335. According to one embodi-
ment, if

&m 1 (48)
2% Comp ~ KX Tac
1 T 49)
then, Vir = Vg ave = = X f Veadt
¥ 7%,

where g, is the transconductance value of the transconduc-
tance amplifier 3334, and C,,,,, is the capacitance value of the
capacitor 3358. Additionally, T represents an integration
period, and K is a positive integer that is much lager than 1.
For example, T is equal to or larger than T .. In another
example, K is no smaller than 3. In yet another example, K is
equal to 3, 5, 6, 10, or 20. In yet another example, the band-
width of the transconductance amplifier 3334 is much smaller
than the frequency of the AC input signal 3315. Moreover,
V4 ave Tepresents the average of the signal 3372, and V, .
represents the reference signal 3335.

According to another embodiment, combining Equation
47 with Equation 49, one can obtain the following:

1

T
Txf Ves_pk X Tpemag At = R3 X C3 X Vpop
0

(60

According to yet another embodiment, based on Equation
44, the power conversion system 3300 operates with a fixed
switching frequency, then,

10

15

20

25

40

45

60

1 1 TV, T, 51
10_—><N><—><f Coph o ZDemas gy = oD
T Jo Rs T,
N 1 T
WXTX | Ves_pk X Tpemag A1

where |, represents the output current of the switch-mode
power conversion system 3300 and N represents a turns ratio
between the primary winding 3310 and the secondary wind-
ing 3312. Additionally, R, represents the resistance value of
theresistor 3324, which is a constant. Moreover, T, represents
the switching period of the power conversion system 3300,
which is a constant equal to 1/F .

According to yet another embodiment, combining Equa-
tions 44 and 50 with Equation 51, one can obtain the follow-
ing:

1—1><N><1>< ! Vool X R3 X C3 %V, ©2)
°72 Ry 2XRsXCs  Vigs — Viers Pnmnte
Ry X C: Vv, 53
If Ko = 3 X C3 refl (53)
2XRsXCs  Vigra — Vigrs
1 1 (54)
then I, = o XN X — X Ko X Vor
3 R

For example, based on Equation 54, the output current I is
constant because Ky, V,.5 R, and N are all constants. In
another example, the power conversion system 3300 intends
to keep

1

T
7% f Ves_pk X Tpemag d1
0

and T, constant, in order to keep the output current [, constant.
In one embodiment,

1

T
T f Ves_pk X Tpemag d1
0

is kept constant by at least satisfying Equation 48. In another
embodiment, T is kept constant by at least satisfying Equa-
tion 44.

As shown in FIG. 33, in one embodiment, the rectified
input voltage 3313 (e.g., V,,,) is determined by

v, [CN))]

on
\/? X Vins Xsin(— X[)‘
Tac

In another embodiment, the peak value of the current 3311
that flows through the primary winding 3310 is determined by

(56)

where I, represents the peak value of the current 3311, and
L, represents the inductance of the primary winding 3310.
Additionally, t,, represents the pulse width of the drive signal
3393.
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FIG. 38 is a simplified timing diagram for certain currents
of'the switch-mode power conversion system 3300 according
to an embodiment of the present invention. This diagram is
merely an example, which should not unduly limit the scope
of'the claims. One of ordinary skill in the art would recognize
many variations, alternatives, and modifications.

For example, the waveform 3810 represents the current
3311 as a function of time, and the waveform 3820 represents
a rectified input current 3317 (e.g., 1,,) as a function of time.
In another example, the rectified input current 3317 (e.g., 1)
corresponds to the rectified input voltage 3313 (e.g., V,,) as
shown in FIG. 33.

As shown in FIG. 38, in one embodiment, the rectified
input current 3317 (e.g., I,,,) is

1
I :(lepxton]/TS

where 1, represents the rectified input current 3317. In
another embodiment, combining Equation 56 with Equation
57, one can obtain:

6D

Vin X1, (58)
T XL, X Ty
In yet another embodiment,
1 Vep = Vi 59
oy = ¢ Lo f3 (59
2 Vg2 = Vi

where V,,,, represents the signal 3381. Additionally, V,,
and V, . are constants representing the reference signals
3620 and 3630 respectively. For example, based on Equation
59, t,,, is constant within at least one period of the AC input
signal 3315, if Equation 48 is satisfied and hence V_,,, is
constant within at least one period of the AC input signal
3315.

If M= b “0
T 2XL, T
then, according to Equation 58,

L, =MxV,, (61)

According to one embodiment, as shown in FIG. 38, the
switching period T of the power conversion system 3300 is a
constant based on Equation 44; hence M is also a positive
constant within at least one period of the AC input signal
3315, and the power factor (PF) of the power conversion
system 3300 is equal to 1 or substantially equal to 1. For
example, the power factor (PF) of the power conversion sys-
tem 3300 is equal to or larger than 0.9. According to another
embodiment, by at least satisfying Equations 44 and 48, the
power factor (PF) of the power conversion system 3300 is
closeto 1.

As discussed above and further emphasized here, FIG. 33
is merely an example, which should not unduly limit the
scope of the claims. One of ordinary skill in the art would
recognize many variations, alternatives, and modifications.
For example, the power conversion system 3300 includes one
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or more bulk capacitors to convert the AC input signal 3315
into a DC signal that is received by the primary winding 3310,
as shown in FIG. 39.

FIG. 39 is a simplified diagram for a switch-mode power
conversion system with primary-side sensing and regulation
according to yet another embodiment of the present inven-
tion. This diagram is merely an example, which should not
unduly limit the scope of the claims. One of ordinary skill in
the art would recognize many variations, alternatives, and
modifications.

For example, the power conversion system 3900 is the
same as the power conversion system 3300, except that the
power conversion system 3900 also includes capacitors 3910
and 3920, a resistor 3930, and an inductor 3940. In another
example, the capacitors 3910 and 3920, the resistor 3930, and
the inductor 3940 are used to convert an AC input signal 3915
into a DC input signal 3913 (e.g., V,,).

Referring to FIGS. 33 and 39, according to one embodi-
ment, the power conversation system 3900 can achieve con-
stant output current with power factor that is equal to 1 or
substantially equalto 1. For example, the power factor (PF) of
the power conversion system 3900 is equal to or larger than
0.9. According to another embodiment, the power conversa-
tion system 3300 is used to provide power to one or more light
emitting diodes, as shown in FIG. 40.

FIG. 40 is a simplified diagram for the switch-mode power
conversion system 3300 used to power light emitting diodes
according to yet another embodiment of the present inven-
tion. This diagram is merely an example, which should not
unduly limit the scope of the claims. One of ordinary skill in
the art would recognize many variations, alternatives, and
modifications. For example, the power conversation system
3300 is used to provide power to one or more light emitting
diodes 4010.

FIG. 41 is a simplified diagram for a switch-mode power
conversion system with primary-side sensing and regulation
according to yet another embodiment of the present inven-
tion. This diagram is merely an example, which should not
unduly limit the scope of the claims. One of ordinary skill in
the art would recognize many variations, alternatives, and
modifications.

The power conversion system 4100 includes a primary
winding 4110, a secondary winding 4112, an auxiliary wind-
ing 4114, resistors 4120, 4122, 4124, 4126 and 4128, aswitch
4130, a transconductance amplifier 4134, a cycle-by-cycle
peak generator 4136, a leading-edge blanking component
4138, a demagnetization detection component 4150, an oscil-
lator 4160, an AND gate 4166, a capacitor 4158, an integrator
4170, a comparator 4182, a multiplier 4184, a flip-flop com-
ponent 4190, and a drive component 4192.

For example, the transconductance amplifier 4134, the
cycle-by-cycle peak generator 4136, the leading-edge blank-
ing component 4138, the demagnetization detection compo-
nent 4150, the oscillator 4160, the AND gate 4166, the inte-
grator 4170, the comparator 4182, the multiplier 4184, the
flip-flop component 4190, and the drive component 4192 are
located on a chip 4140. In another example, the chip 4140
includes at least terminals 4142, 4144, 4146, 4148, and 4149.
In yet another example, the system 4100 is a switch-mode
flyback power conversion system.

In yet another example, the demagnetization detection
component 4150 is the same as the demagnetization detection
component 2150 as shown in FIG. 22. In yet another example,
the cycle-by-cycle peak generator 4136 is the same as the
cycle-by-cycle peak generator 2836 as shown in FIG. 30. In
yet another example, the integrator 4170 is the same as the
integrator 3370 as shown in FIG. 34. In yet another example,
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the oscillator 4160 is the same as the oscillator 3360 as shown
in FIG. 36. In yet another example, the integrator 4170 is a
cycle-by-cycle integrator that is reset after each switching
cycle (e.g., at the end of the demagnetization process within
each switching cycle).

FIG. 42 is a simplified timing diagram for the switch-mode
power conversion system 4100 according to an embodiment
of the present invention. This diagram is merely an example,
which should not unduly limit the scope of the claims. One of
ordinary skill in the art would recognize many variations,
alternatives, and modifications.

As shown in FIG. 42, the waveform 4210 represents an
input signal 4113 (e.g., V,,,) as a function of time, the wave-
form 4220 represents a drive signal 4193 as a function of time,
and the waveform 4230 represents a clock signal 4162 as a
function of time. Additionally, the waveform 4240 represents
a signal 4183 (e.g., MULT) as a function of time, and the
waveform 4242 represents a signal 4181 (e.g., CMP) as a
function of time. Moreover, the waveform 4250 represents a
sensing signal 4147 (e.g., V,,) as a function of time, the
waveform 4260 represents a peak signal 4137 (e.g., V) asa
function of time, and the waveform 4262 represents a signal
4185 as a function of time. Also, the waveform 4270 repre-
sents a Demag signal 4151 as a function of time, and the
waveform 4280 represents the signal 4172 as a function of
time.

As shown in FIGS. 41 and 42, at a rising edge of the clock
signal 4162 (corresponding to the waveform 4230), the drive
signal 4193 (corresponding to the waveform 4220) changes to
the logic high level and the switch 4130 is turned on. The
current 4111 that flows through the primary winding 4110
ramps up linearly, and the signal 4147 (e.g., V) also ramps
up linearly through the leading-edge blanking component
4138 according to one embodiment. For example, the signal
4147 (e.g., V) is received by the cycle-by-cycle peak detec-
tor 4136, which detects the peak value of the signal 4147
within each switching period and outputs the peak signal
4137 (corresponding to the waveform 4260) that is represen-
tative of the detected peak value of the signal 4147. In another
example, the peak signal 4137 (e.g., V_,) is received by the
integrator 4170, which also receives the drive signal 4193
(corresponding to the waveform 4220) and the Demag signal
4151 (corresponding to the waveform 4270) and outputs the
signal 4172 (corresponding to the waveform 4280) to the
transconductance amplifier 4134.

According to one embodiment, the transconductance
amplifier 4134 also receives a reference signal 4135 (e.g.,
V.., and in response, amplifies and converts the voltage
difference between the signal 4172 (e.g., V_,) and the refer-
ence signal 4135 (e.g., V, 9 into a current signal, which in
turn is converted into the voltage signal 4181 (e.g., CMP) by
the capacitor 4158. For example, the voltage signal 4181
(e.g., CMP) is constant with time in magnitude. In another
example, the voltage signal 4181 (corresponding to the wave-
form 4242) is received by the multiplier 4184, which also
receives the signal 4183 (corresponding to the waveform
4240). In yet another example, the signal 4183 is proportional
to the input signal 4113 (e.g., V,,) by the resistors 4126 and
4128.

According to another embodiment, the multiplier 4184, in
response, outputs the signal 4185 (corresponding the wave-
form 4262) to the comparator 4182, which also receives the
sensing signal 4147 (corresponding the waveform 4250). For
example, the comparator 4182 compares the signal 4185 (cor-
responding to the waveform 4262) with the sensing signal
4147 (corresponding to the waveform 4250), and outputs a
comparison signal 4187 to the flip-flop component 4190. In
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one embodiment, the flip-flop component 4190 also receives
at least the clock signal 4162 from the oscillator 4160 and
generates a signal 4191. In another embodiment, the signal
4191 is received by the AND gate 4166, which also receives
the clock signal 4162 and generates a modulation signal 4168.
In yet another embodiment, the driver component 4192
receives the modulation signal 4168 and generates the drive
signal 4193.

As shown by the waveforms 4220, 4250 and 4262, if the
signal 4147 reaches the signal 4185, the drive signal 4193
changes from the logic high level to the logic low level and the
switch 4130 is turned off. For example, when the switch 4130
is turned off, the stored energy is delivered to the output of the
power conversion system 4100 and the demagnetization pro-
cess starts. In another example, during the demagnetization
process, the current that flows through the secondary winding
4112 ramps down linearly.

As shown in FIG. 41, an output voltage (e.g., V,,,,.) of the
auxiliary winding 4114 images the output voltage (e.g., V) of
the power conversion system 4100, and is converted into the
feedback signal 4143 (e.g., Vz) by the resistors 4120 and
4122. For example, the feedback signal 4143 (e.g., Vz) is
received by the demagnetization detection component 4150,
which compares the feedback signal 4143 (e.g., V) with a
threshold signal (e.g., 0.1V).

According to one embodiment, when the feedback signal
4143 (e.g., V) rises above the threshold signal (e.g., 0.1 V),
the Demag signal 4151 changes to the logic high level, which
indicates the beginning of the demagnetization process, as
shown by the waveform 4270. According to another embodi-
ment, when the feedback signal 4143 (e.g., V z5) drops below
the threshold signal (e.g., 0.1V), the Demag signal 4151
changes to the logic low level, which indicates the end of the
demagnetization process. For example, the demagnetization
process ends when the current that flows through the second-
ary winding 4112 drops to almost zero. In another example,
after the end of the demagnetization process, the power con-
version system 4100 enters the state of resonance oscillation,
and the feedback signal 4143 (e.g., Vz) is approximately a
sine wave. According to yet another embodiment, as shown
by the waveforms 4220 and 4230, at the next rising edge of the
clock signal 4162, the drive signal 4193 again changes to the
logic high level and the switch 4130 is again turned on.

Inone embodiment, as shown in FIG. 41, the output current
is

Wt (62)

1
XNX —xKoXxV,
3 R 0 X Vigr

where |, represents the output current of the switch-mode
power conversion system 4100. Additionally, N is a constant,
representing a turns ratio between the primary winding 4110
and the secondary winding 4112. Moreover, R represents the
resistance value of the resistor 4124 and V. represents the
reference signal 4135, both R, and V, -being constant. Also,
K, is a constant.

For example, to achieve Equation 62, the power conversion
system 4100 operates with a fixed switching frequency, and

&m 1 (63)

_om -
27X Comp  KxTac
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where g, is the transconductance value of the transconduc-
tance amplifier 4134, and C_, , is the capacitance value of the
capacitor 4158. Additionally, T, represents the period of an
AC input signal 4115, and K is a positive integer that is much
lager than 1. For example, K is no smaller than 3. In another
example, K is equal to 3, 5, 6, 10, or 20. In yet another
example, the bandwidth of the transconductance amplifier
4134 is much smaller than the frequency of the AC input
signal 4115.

In yet another example, based on Equation 62, the output
current I, is constant because K,, V,.; R, and N are all
constants. In another example, the power conversion system
4100 intends to keep

1

T
7% f Ves_pk X Tpemagdit
0

and T, constant, in order to keep the output current I constant.
T represents an integration period. For example, T is equal to
or larger than T . In one embodiment,

1

T
T7* f Ves_pk X Tpemagdt
0

is kept constant by at least satisfying Equation 63. In another
embodiment, T, kept constant by the oscillator 3360.

As shown in FIG. 41, in one embodiment, the signal 4185
is determined as follows:

Ry <V ) (64)

Vis i = Vip = @ X Voy X Vit = a X V, x(— -
cs_pk mp cmp muilt cmp R3 T R4 in

whereV, . represents the peak value of the sensing signal
4147, and V, , represents the signal 4185. Additionally, ais a
constant coefficient of the multiplier 4184. Moreover, V_,,,
represents the signal 4181, and V,,,,, represents the signal
4183. Also, R; and R, represent the resistance values of the
resistors 4126 and 4128 respectively, and V,, represents the
rectified input voltage 4113.

In another example, the peak value of the sensing signal
4147 is

v, 65)
Ves i = 7 Xlon X Ry
P

where t,, represents the pulse width of the drive signal
4193, and R, represents the resistance value of the resistor
4124. Additionally, L, represents the inductance of the pri-
mary winding 4110.

Combining Equations 64 and 65, one can obtain the fol-
lowing:

Ry L,

X—X—=—
Rsx Ry R,

66
Ion = aX Ve, ©66)

For example, based on Equation 66, t,,, is constant within at
least one period of the AC input signal 4115, if Equation 63 is
satisfied and hence V_,,, is constant within at least one period
of the AC input signal 3315.
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In another example, as shown in FIG. 41, a rectified input
current 4117 (e.g., I,,) that corresponds to the rectified input
voltage 4113 (e.g., V,,) is

Vo X2, 67

B 2X L, X T

in

where [, represents the rectified input current 4117, and T
represents the switching period of the power conversion sys-
tem 4100.

2 (68)

on

2xL,xTs

If M=

then, according to Equation 67,

Ly =MxV;, (69)

According to one embodiment, as shown in FIG. 41, the
switching period T of the power conversion system 4100 is a
constant, and t,,, is constant within at least one period of the
AC input signal 4115; hence M is also a positive constant
within at least one period of the AC input signal 4115, and the
power factor (PF) of the power conversion system 4100 is
equal to 1 or substantially equal to 1. For example, the power
factor (PF) of the power conversion system 4100 is equal to or
larger than 0.9. According to another embodiment, by at least
keeping the switching frequency constant and satisfying
Equation 63, the power factor (PF) of the power conversion
system 4100 is equal to 1 or substantially equal to 1.

As discussed above and further emphasized here, FIG. 41
is merely an example, which should not unduly limit the
scope of the claims. One of ordinary skill in the art would
recognize many variations, alternatives, and modifications.
For example, the power conversion system 4100 includes one
or more bulk capacitors to convert the AC input signal 4115
into a DC signal that is received by the primary winding 4110.

Referring to FIG. 41, according to one embodiment, the
power conversation system 4100 can achieve constant output
current with power factor that is equal to 1 or substantially
equal to 1. According to another embodiment, the power
conversation system 4100 is used to provide power to one or
more light emitting diodes, as shown in FIG. 43.

FIG. 43 is a simplified diagram for the switch-mode power
conversion system 4100 used to power light emitting diodes
according to yet another embodiment of the present inven-
tion. This diagram is merely an example, which should not
unduly limit the scope of the claims. One of ordinary skill in
the art would recognize many variations, alternatives, and
modifications. For example, the power conversation system
4100 is used to provide power to one or more light emitting
diodes 4310.

FIG. 44 is a simplified diagram for a switch-mode power
conversion system with primary-side sensing and regulation
according to yet another embodiment of the present inven-
tion. This diagram is merely an example, which should not
unduly limit the scope of the claims. One of ordinary skill in
the art would recognize many variations, alternatives, and
modifications.

The power conversion system 4400 includes a primary
winding 4410, a secondary winding 4412, an auxiliary wind-
ing 4414, resistors 4420, 4422 and 4424, a switch 4126, an
amplifier 4128, a switch 4430, a transconductance amplifier
4434, a cycle-by-cycle peak generator 4436, a leading-edge
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blanking component 4438, a demagnetization detection com-
ponent 4450, an oscillator 4460, an AND gate 4466, a capaci-
tor 4458, an integrator 4470, a comparator 4482, a multiplier
4484, a flip-flop component 4490, and a drive component
4492.

For example, the transconductance amplifier 4434, the
cycle-by-cycle peak generator 4436, the leading-edge blank-
ing component 4438, the demagnetization detection compo-
nent 4450, the oscillator 4460, the AND gate 4466, the inte-
grator 4470, the comparator 4482, the multiplier 4484, the
flip-flop component 4490, and the drive component 4492 are
located on a chip 4440. In another example, the chip 4440
includes at least terminals 4442, 4444, 4446, and 4448. In yet
another example, the system 4400 is a switch-mode flyback
power conversion system. In yet another example, the inte-
grator 4470 is a cycle-by-cycle integrator that is reset after
each switching cycle (e.g., at the end of the demagnetization
process within each switching cycle).

According to one embodiment, the primary winding 4410,
the secondary winding 4412, the auxiliary winding 4414, the
resistors 4420, 4422 and 4424, the switch 4430, the transcon-
ductance amplifier 4434, the cycle-by-cycle peak generator
4436, the leading-edge blanking component 4438, the
demagnetization detection component 4450, the oscillator
4460, the AND gate 4466, the capacitor 4458, the integrator
4470, the comparator 4482, the flip-flop component 4490,
and the drive component 4492 are the same as the primary
winding 4110, the secondary winding 4112, the auxiliary
winding 4114, the resistors 4120, 4122 and 4124, the switch
4130, the transconductance amplifier 4134, the cycle-by-
cycle peak generator 4136, the leading-edge blanking com-
ponent 4138, the demagnetization detection component
4150, the oscillator 4160, the AND gate 4166, the capacitor
4158, the integrator 4170, the comparator 4182, the flip-flop
component 4190, and the drive component 4192, respec-
tively.

According to another embodiment, the switch 4493 is con-
trolled by a drive signal 4493. For example, if the drive signal
4493 is at the logic high level, the switch 4493 is closed. In
another example, when the switch 4493 is closed, a feedback
signal 4443 (e.g., V) is clamped to the ground level by the
amplifier 4428 (e.g., an operational amplifier). In yet another
example, the feedback signal 4443 (e.g., V) is set to zero,
and a current signal 4483 is determined by

0

V, N,
Ies = 5= :(;:Xxv;n]/mcm

where [ represents the current signal 4483. Additionally,
V,, represents a rectified input voltage 4413, and V ,, repre-
sents an auxiliary voltage 4419. Moreover, N, . is the number
of turns of the auxiliary winding 4414, and N,, is the number
of turns of the primary winding 4410. Also, R, represents the
resistance value of the resistor 4420.

In yet another example, based on Equation 70, the current
signal 4483 is proportional to the rectified input voltage 4413
as follows:

Irp Vs, (71)

According to yet another embodiment, the current signal
4483 is received by the multiplier 4484, which also receives a
voltage signal 4481 and outputs a signal 4485 to the compara-
tor 4482. For example, the signal 4485 is determined by:

V,wo=bxV,

cmeIFB (72)
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where V,,, represents the signal 4485. Additionally, V_,,,
represents the voltage signal 4481, and b is a constant coet-
ficient of the multiplier 4484.

In another example, comparing Equation 72 with Equation
64, one can see that the signal 4485 is similar to the signal
4185 and proportional to the product of the voltage signal
4481 and the rectified input voltage 4413 as follows:

Vo Vermp* Vin (73)

According to one embodiment, the power conversion sys-
tem 4400 intends to keep

1

T
T f Ves_pk X Tpemagdt
0

and T, constant, in order to keep the output current [, constant.
For example,

1

T
T f Ves_pk X Tpemagdt
0

is kept constant by at least satisfying Equation 63. In another
example, T, is kept constant by the oscillator 4460.

According to another embodiment, as shown by at least
Equation 73, the power factor (PF) of the power conversion
system 4400 is equal to 1 or substantially equal to 1, by at least
keeping the switching frequency constant and satisfying
Equation 63. For example, the power factor (PF) of the power
conversion system 4400 is equal to or larger than 0.9.

As discussed above and further emphasized here, FIG. 44
is merely an example, which should not unduly limit the
scope of the claims. One of ordinary skill in the art would
recognize many variations, alternatives, and modifications.
For example, the power conversion system 4400 includes one
or more bulk capacitors to convert an AC input signal 4415
into a DC signal that is received by the primary winding 4410.

Referring to FIG. 44, according to one embodiment, the
power conversation system 4400 can achieve constant output
current with power factor that is equal to 1 or substantially
equal to 1. According to another embodiment, the power
conversation system 4400 is used to provide power to one or
more light emitting diodes, as shown in FIG. 45.

FIG. 45 is a simplified diagram for the switch-mode power
conversion system 4400 used to power light emitting diodes
according to yet another embodiment of the present inven-
tion. This diagram is merely an example, which should not
unduly limit the scope of the claims. One of ordinary skill in
the art would recognize many variations, alternatives, and
modifications. For example, the power conversation system
4400 is used to provide power to one or more light emitting
diodes 4510.

According to another embodiment, a system (e.g., as
shown in FIG. 21) for regulating a power converter includes a
first signal generator (e.g., as shown by the component 2150)
configured to receive a first sensed signal and generate an
output signal associated with demagnetization. The first
sensed signal is related to a first winding coupled to a sec-
ondary winding for a power converter, and the secondary
winding is associated with at least an output current for the
power converter. Additionally, the system includes a ramping
signal generator (e.g., as shown by the combination of the
components 2170, 2160, 2162, 2164, 2166, and 2172) con-
figured to receive the output signal and generate a ramping
signal (e.g., as shown by the signal 2165), and a first com-
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parator (e.g., as shown by the component 2182) configured to
receive the ramping signal and a first threshold signal (e.g., as
shown by the signal 2183) and generate a first comparison
signal based on at least information associated with the ramp-
ing signal and the first threshold signal. Moreover, the system
includes a second comparator (e.g., as shown by the compo-
nent 2180) configured to receive a second sensed signal (e.g.,
as shown by the signal 2147) and a second threshold signal
and generate a second comparison signal. The second sensed
signal is associated with a first current flowing through a
primary winding coupled to the secondary winding for the
power converter. Also, the system includes a second signal
generator (e.g., as shown by the component 2190) configured
to receive at least the first comparison signal and the second
comparison signal and generate a modulation signal (e.g., as
shown by the signal 2191), and a gate driver (e.g., as shown by
the component 2192) configured to receive the modulation
signal and output a drive signal (e.g., as shown by the signal
2193) to a switch. The switch is configured to affect the first
current flowing through the primary winding. The output
signal is associated with a demagnetization duration (e.g.,
T pemag)> and the drive signal is associated with a switching
period (e.g., T,). The system is further configured to keep a
ratio of the demagnetization duration to the switching period
constant.

According to yet another embodiment, a method (e.g., as
implemented in FIG. 21) for regulating a power converter
includes receiving a first sensed signal. The first sensed signal
is associated with a first winding coupled to a secondary
winding for a power converter, and the secondary winding is
related to at least an output current for the power converter.
Additionally, the method includes generating an output signal
based on at least information associated with the first sensed
signal. The output signal is related to demagnetization. More-
over, the method includes receiving the output signal, gener-
ating a ramping signal based on at least information associ-
ated with the output signal, receiving the ramping signal and
a first threshold signal, processing information associated
with the ramping signal and the first threshold signal, and
generating a first comparison signal based on at least infor-
mation associated with the ramping signal and the first thresh-
old signal. Also, the method includes receiving a second
sensed signal and a second threshold signal. The second
sensed signal is associated with a first current flowing through
a primary winding coupled to the secondary winding for the
power converter. Additionally, the method includes process-
ing information associated with the second sensed signal and
the second threshold signal, generating a second comparison
signal based on at least information associated with the sec-
ond sensed signal and the second threshold signal, receiving
the first comparison signal and the second comparison signal,
processing information associated with the first comparison
signal and the second comparison signal, and generating a
modulation signal based on at least information associated
with the first comparison signal and the second comparison
signal. Moreover, the method includes receiving the modula-
tion signal, and outputting to a switch a drive signal based on
at least information associated with the modulation signal to
affect the first current flowing through the primary winding.
The output signal is associated with a demagnetization dura-
tion, and the drive signal is associated with a switching
period. A ratio of the demagnetization duration to the switch-
ing period is kept constant.

According to yet another embodiment, a system (e.g., as
shown in FIG. 7 or FIG. 24) for regulating a power converter
includes a first signal generator (e.g., as shown by the com-
ponent 520 or the component 2420) configured to receive at

10

15

20

25

30

35

40

45

50

55

60

65

70

least an input signal and generate at least an output signal
associated with demagnetization, the input signal being
related to at least an output current for a power converter.
Additionally, the system includes a first controller (e.g., as
shown by the component 542 or the combination of the com-
ponents 2510, 2520, 2620 and 2635) configured to receive at
least the output signal and generate at least a first control
signal based on at least information associated with the output
signal, and a second controller (e.g., as shown by the compo-
nent 540 or the component 2440) configured to receive a first
sensed signal and a first threshold signal and generate a sec-
ond control signal. The first sensed signal is associated with a
first current flowing through a primary winding for the power
converter. Moreover, the system includes an oscillator (e.g.,
as shown by the component 562 or the component 2462)
configured to receive at least the first control signal and gen-
erate at least a clock signal based on at least information
associated with the first control signal, and a second signal
generator (e.g., as shown by the component 538 or the com-
ponent 2438) configured to receive at least the clock signal
and the second control signal and generate at least a modula-
tion signal. Also, the system includes a gate driver (e.g., as
shown by the component 546 or the component 2446) con-
figured to receive at least the modulation signal and output at
least a drive signal to a switch. The switch is configured to
affect the first current flowing through the primary winding.
The output signal is associated with a demagnetization dura-
tion (e.g., Tp,,,,.e), and the drive signal is associated with a
switching period (e.g., T,). The system is further configured
to keep a ratio of the demagnetization duration to the switch-
ing period constant, and keep a peak of the first sensed signal
constant in magnitude.

According to yet another embodiment, a method (e.g., as
implemented in FIG. 7 or FIG. 24) for regulating a power
converter includes receiving at least an input signal, and gen-
erating at least an output signal based on at least information
associated with the input signal. The input signal is related to
atleast an output current for a power converter, and the output
signal is related to demagnetization. Additionally, the method
includes receiving at least the output signal, processing infor-
mation associated with the output signal, and generating at
least a clock signal based on at least information associated
with the output signal. Moreover, the method includes receiv-
ing a sensed signal and a threshold signal. The sensed signal
is associated with a first current flowing through a primary
winding for the power converter. Also, the method includes
processing information associated with the sensed signal and
the threshold signal, generating a control signal based on at
least information associated with the sensed signal and the
threshold signal, receiving at least the clock signal and the
control signal, processing information associated with the
clock signal and the control signal, and generating at least a
modulation signal based on at least information associated
with the clock signal and the control signal. Additionally, the
method includes receiving at least the modulation signal, and
outputting to a switch at least a drive signal based on at least
information associated with the modulation signal to affect
the first current flowing through the primary winding. The
output signal is associated with a demagnetization duration,
and the drive signal is associated with a switching period. A
ratio of the demagnetization duration to the switching period
is kept constant, and a peak of the first sensed signal is kept
constant in magnitude.

According to yet another embodiment, a system (e.g., as
shown in FIG. 28 or FIG. 32) for regulating a power converter
includes a first signal generator (e.g., as shown by the com-
ponent 2850) configured to receive a first sensed signal and
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generate a first output signal associated with demagnetiza-
tion. The first sensed signal is associated with a first winding
coupled to a secondary winding for a power converter, and the
secondary winding is related to at least an output current for
the power converter. Additionally, the system includes a first
ramping signal generator (e.g., as shown by the combination
of'the components 2860, 2862, 2864, 2866, 2870, and 2872)
configured to receive the first output signal and generate a first
ramping signal (e.g., as shown by the signal 2865), and a first
comparator (e.g., as shown by the component 2882) config-
ured to receive the first ramping signal and a first threshold
signal (e.g., as shown by the signal 2883) and generate a first
comparison signal (e.g., as shown by the signal 2885) based
on at least information associated with the first ramping sig-
nal and the first threshold signal. Moreover, the system
includes a peak detector (e.g., as shown by the component
2836) configured to receive a drive signal (e.g., as shown by
the signal 2893) and a second sensed signal (e.g., as shown by
the signal 2847) and generate a peak signal (e.g., as shown by
the signal 2837). The second sensed signal is associated with
a first current flowing through a primary winding coupled to
the secondary winding for the power converter. Also, the
system includes an amplifier (e.g., as shown by the compo-
nent 2834) configured to receive the peak signal and a second
threshold signal (e.g., as shown by the signal 2835) and gen-
erate a second output signal (e.g., as shown by the signal
2881) with a capacitor, the capacitor being coupled to the
amplifier, and a second comparator (e.g., as shown by the
component 2880) configured to receive the second output
signal and a second ramping signal (e.g., as shown by the
signal 2833) and generate a second comparison signal (e.g.,
as shown by the signal 2887). Additionally, the system
includes a second signal generator (e.g., as shown by the
component 2890) configured to receive at least the first com-
parison signal and the second comparison signal and generate
a modulation signal (e.g., as shown by the signal 2891), and a
gate driver (e.g., as shown by the component 2892) config-
ured to receive the modulation signal and output the drive
signal to the peak detector and a switch. The switch is con-
figured to affect the first current flowing through the primary
winding.

According to yet another embodiment, a method (e.g., as
implemented in FIG. 28 or FIG. 32) for regulating a power
converter includes receiving a first sensed signal. The first
sensed signal is associated with a first winding coupled to a
secondary winding for a power converter, and the secondary
winding is related to at least an output current for the power
converter. Additionally, the method includes generating a first
output signal based on at least information associated with the
first sensed signal, receiving the first output signal, and gen-
erating a first ramping signal based on at least information
associated with the first output signal. The first output signal
is related to demagnetization. Moreover, the method includes
receiving the first ramping signal and a first threshold signal,
processing information associated with the first ramping sig-
nal and the first threshold signal, generating a first compari-
son signal based on at least information associated with the
first ramping signal and the first threshold signal, and receiv-
ing a drive signal and a second sensed signal. The second
sensed signal is associated with a first current flowing through
a primary winding coupled to the secondary winding for the
power converter. Also, the method includes processing infor-
mation associated with the drive signal and the second sensed
signal, generating a peak signal based on at least information
associated with the drive signal and the second sensed signal,
receiving the peak signal and a second threshold signal, pro-
cessing information associated with the peak signal and the
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second threshold signal, and generating a second output sig-
nal based on at least information associated with the peak
signal and the second threshold signal. Additionally, the
method includes receiving the second output signal and a
second ramping signal, processing information associated
with the second output signal and the second ramping signal,
and generate a second comparison signal based on at least
information associated with the second output signal and the
second ramping signal. Moreover, the method includes
receiving the first comparison signal and the second compari-
son signal, processing information associated with the first
comparison signal and the second comparison signal, and
generating a modulation signal based on at least information
associated with the first comparison signal and the second
comparison signal. Also, the method includes receiving the
modulation signal, and outputting the drive signal based on at
least information associated with the modulation signal to
affect the first current flowing through the primary winding.

According to yet another embodiment, a system (e.g., as
shown in FIG. 28 or FIG. 32) for regulating a power converter
includes a first signal generator (e.g., as shown by the com-
ponent 2850) configured to receive a first sensed signal and
generate an output signal (e.g., as shown by the signal 2851)
associated with demagnetization. The first sensed signal is
associated with a first winding coupled to a secondary wind-
ing for a power converter, and the secondary winding is
related to at least an output current for the power converter.
Additionally, the system includes a peak detector (e.g., as
shown by the component 2836) configured to receive a drive
signal and a second sensed signal and generate a peak signal
(e.g., as shown by the signal 2837). The second sensed signal
is associated with a first current flowing through a primary
winding coupled to the secondary winding for the power
converter. Moreover, the system includes a second signal
generator (e.g., as shown by the component 2890) configured
to process at least information associated with the output
signal (e.g., as shown by the signal 2851) and the peak signal
(e.g., as shown by the signal 2837) and generate a modulation
signal (e.g., as shown by the signal 2891). Also, the system
includes a gate driver (e.g., as shown by the component 2892)
configured to receive the modulation signal and output the
drive signal to the peak detector and a switch. The switch is
configured to affect the first current flowing through the pri-
mary winding. The output signal is associated with a demag-
netization duration (e.g., Tp,,,,.), and the drive signal is
associated with a switching period (e.g., T;). The system is
further configured to keep a ratio of the demagnetization
duration to the switching period constant, and keep an aver-
age magnitude of the peak signal over a first duration (e.g., T)
constant.

According to yet another embodiment, a method (e.g., as
implemented in FIG. 28 or FIG. 32) for regulating a power
converter includes receiving a first sensed signal. The first
sensed signal is associated with a first winding coupled to a
secondary winding for a power converter, and the secondary
winding is related to at least an output current for the power
converter. Additionally, the method includes generating an
output signal based on at least information associated with the
first sensed signal, receiving a drive signal and a second
sensed signal, and processing information associated with the
drive signal and the second sensed signal. The first sensed
signal is related to demagnetization, and the second sensed
signal is associated with a first current flowing through a
primary winding coupled to the secondary winding for the
power converter. Moreover, the method includes generating a
peak signal based on at least information associated with the
drive signal and the second sensed signal, processing at least
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information associated with the output signal and the peak
signal, and generating a modulation signal based on at least
information associated with the output signal and the peak
signal. Also, the method includes receiving the modulation
signal, and outputting to a switch the drive signal based on at
least information associated with the modulation signal to at
least affect the first current flowing through the primary wind-
ing. The output signal is associated with a demagnetization
duration (e.g., Tp,, ... ), and the drive signal is associated with
a switching period (e.g., T,). A ratio of the demagnetization
duration to the switching period is kept constant, and an
average magnitude of the peak signal over a first duration
(e.g., T) is kept constant.

According to yet another embodiment, a system (e.g., as
shown in FIG. 33, FIG. 39, or F1G. 40) for regulating a power
converter includes a first signal generator (e.g., as shown by
the component 3350) configured to receive a first sensed
signal and generate a first output signal associated with
demagnetization. The first sensed signal is related to a first
winding coupled to a secondary winding for a power con-
verter, and the secondary winding is associated with at least
an output current for the power converter. Additionally, the
system includes a peak detector (e.g., as shown by the com-
ponent 3336) configured to receive a drive signal (e.g., as
shown by the signal 3393) and a second sensed signal (e.g., as
shown by the signal 3347) and generate a peak signal (e.g., as
shown by the signal 3337). The second sensed signal is asso-
ciated with a first current flowing through a primary winding
coupled to the secondary winding for the power converter.
Moreover, the system includes a second signal generator
(e.g., as shown by the component 3370) configured to receive
the drive signal, the first output signal, and the peak signal,
and generate a second output signal (e.g., as shown by the
signal 3372), and an amplifier (e.g., as shown by the compo-
nent 3334) configured to receive the second output signal and
a threshold signal (e.g., as shown by the signal 3335) and
generate a third output signal (e.g., as shown by the signal
3381) with a capacitor, the capacitor being coupled to the
amplifier. Also, the system includes a comparator (e.g., as
shown by the component 3382) configured to receive the third
output signal and a ramping signal (e.g., as shown by the
signal 3364) and generate a comparison signal (e.g., as shown
by the signal 3385), and a third signal generator (e.g., as
shown by the combination of the components 3366 and 3390)
configured to receive at least the comparison signal and a
clock signal (e.g., as shown by the signal 3362) and generate
a modulation signal (e.g., as shown by the signal 3368).
Additionally, the system includes a gate driver (e.g., as shown
by the component 3392) configured to receive the modulation
signal and output the drive signal to the peak detector, the
second signal generator and a switch. The switch is config-
ured to affect the first current flowing through the primary
winding.

According to yet another embodiment, a method (e.g., as
implemented in FIG. 33, FIG. 39, or FIG. 40) for regulating a
power converter includes receiving a first sensed signal. The
first sensed signal is associated with a first winding coupled to
a secondary winding for a power converter, and the secondary
winding is related to at least an output current for the power
converter. Additionally, the method includes generating a first
output signal associated with demagnetization, and receiving
a drive signal and a second sensed signal. The second sensed
signal is associated with a first current flowing through a
primary winding coupled to the secondary winding for the
power converter. Moreover, the method includes processing
information associated with the drive signal and the second
sensed signal, and generating a peak signal based on at least
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information associated with the drive signal and the second
sensed signal. Also, the method includes receiving the drive
signal, the first output signal, and the peak signal, processing
information associated with the drive signal, the first output
signal, and the peak signal, and generating a second output
signal based on at least information associated with the drive
signal, the first output signal, and the peak signal. Addition-
ally, the method includes receiving the second output signal
and a threshold signal, processing information associated
with the second output signal and the threshold signal, and
generating a third output signal based on at least information
associated with the second output signal and the threshold
signal. Moreover, the method includes receiving the third
output signal and a ramping signal, processing information
associated with the third output signal and the ramping signal,
and generating a comparison signal based on at least infor-
mation associated with the third output signal and the ramp-
ing signal. Also, the method includes receiving the compari-
son signal and a clock signal, processing information
associated with the comparison signal and the clock signal,
and generating a modulation signal based on at least infor-
mation associated with the comparison signal and the clock
signal. Additionally, the method includes receiving the modu-
lation signal, and outputting the drive signal based on at least
information associated with the modulation signal to affect
the first current flowing through the primary winding.
According to yet another embodiment, a system (e.g., as
shown in FIG. 41 or FIG. 43) for regulating a power converter
includes a first signal generator (e.g., as shown by the com-
ponent 4150) configured to receive a first sensed signal (e.g.,
as shown by the signal 4143) and generate a first output signal
(e.g., as shown by the signal 4151) associated with demag-
netization. The first sensed signal is associated with a first
winding coupled to a secondary winding for a power con-
verter, and the secondary winding being related to at least an
output current for the power converter. Additionally, the sys-
tem includes a peak detector (e.g., as shown by the component
4136) configured to receive a drive signal (e.g., as shown by
the signal 4193) and a second sensed signal (e.g., as shown by
the signal 4147) and generate a peak signal (e.g., as shown by
the signal 4137). The second sensed signal is associated with
a first current flowing through a primary winding coupled to
the secondary winding for the power converter, and a second
signal generator (e.g., as shown by the component 4170)
configured to receive the drive signal, the first output signal
and the peak signal, and generate a second output signal (e.g.,
as shown by the signal 4172). Moreover, the system includes
an amplifier (e.g., as shown by the component 4134) config-
ured to receive the second output signal and a threshold signal
(e.g., as shown by the signal 4135) and generate a third output
signal (e.g., as shown by the signal 4181) with a capacitor, and
a third signal generator (e.g., as shown by the component
4184) configured to receive the third output signal and a first
input signal (e.g., as shown by the signal 4183) and generate
a fourth output signal (e.g., as shown by the signal 4185). The
capacitor is coupled to the amplifier, and the first input signal
is proportional to a second input signal (e.g., as shown by the
signal 4113) received by the primary winding. Also, the sys-
tem includes a comparator (e.g., as shown by the component
4182) configured to receive the fourth output signal and the
second sensed signal and generate a comparison signal (e.g.,
as shown by the signal 4187), and a fourth signal generator
(e.g., as shown by the combination of the components 4166
and 4190) configured to receive at least the comparison signal
and a clock signal (e.g., as shown by the signal 4162) and
generate a modulation signal (e.g., as shown by the signal
4168). Additionally, the system includes a gate driver (e.g., as
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shown by the component 4192) configured to receive the
modulation signal and output the drive signal to the peak
detector, the second signal generator, and a switch. The
switch is configured to affect the first current flowing through
the primary winding.

According to yet another embodiment, a method (e.g., as
implemented in FIG. 41 or FIG. 43) for regulating a power
converter includes receiving a first sensed signal. The first
sensed signal is associated with a first winding coupled to a
secondary winding for a power converter, and the secondary
winding is related to at least an output current for the power
converter. Additionally, the method includes generating a first
output signal associated with demagnetization, and receiving
a drive signal and a second sensed signal. The second sensed
signal is associated with a first current flowing through a
primary winding coupled to the secondary winding for the
power converter. Moreover, the method includes processing
information associated with the drive signal and a second
sensed signal, and generating a peak signal based on at least
information associated with the drive signal and the second
sensed signal. Also, the method includes receiving the drive
signal, the first output signal, and the peak signal, processing
information associated with the drive signal, the first output
signal, and the peak signal, and generating a second output
signal based on at least information associated with the drive
signal, the first output signal, and the peak signal. Addition-
ally, the method includes receiving the second output signal
and a threshold signal, processing information associated
with the second output signal and the threshold signal, gen-
erating a third output signal based on at least information
associated with the second output signal and the threshold
signal, and receiving the third output signal and a first input
signal. The first input signal is proportional to a second input
signal received by the primary winding. Moreover, the
method includes processing information associated with the
third output signal and the first input signal, generating a
fourth output signal based on at least information associated
with the third output signal and the first input signal, receiving
the fourth output signal and the second sensed signal, pro-
cessing information associated with the fourth output signal
and the second sensed signal, and generating a comparison
signal based on at least information associated with the fourth
output signal and the second sensed signal. Also, the method
includes receiving at least the comparison signal and a clock
signal, processing information associated with the compari-
son signal and the clock signal, and generating a modulation
signal based on at least information associated with the com-
parison signal and the clock signal. Additionally, the method
includes receiving the modulation signal, and outputting the
drive signal based on at least information associated with the
modulation signal to affect the first current flowing through
the primary winding.

According to yet another embodiment, a system (e.g., as
shown in FIG. 44 or FIG. 45) for regulating a power converter
includes a first signal generator (e.g., as shown by the com-
ponent 4450) configured to receive a first sensed signal (e.g.,
as shown by the signal 4443) and generate a first output signal
(e.g., as shown by the signal 4451) associated with demag-
netization. The first sensed signal is associated with a first
winding coupled to a secondary winding for a power con-
verter, and the secondary winding is related to at least an
output current for the power converter. Additionally, the sys-
tem includes a peak detector (e.g., as shown by the component
4436) configured to receive a drive signal (e.g., as shown by
the signal 4493) and a second sensed signal (e.g., as shown by
the signal 4447) and generate a peak signal (e.g., as shown by
the signal 4437). The second sensed signal is associated with
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a first current flowing through a primary winding coupled to
the secondary winding for the power converter. Moreover, the
system includes a second signal generator (e.g., as shown by
the component 4470) configured to receive the drive signal,
the first output signal, and the peak signal, and generate a
second output signal (e.g., as shown by the signal 4472), and
an amplifier (e.g., as shown by the component 4434) config-
ured to receive the second output signal and a threshold signal
(e.g., as shown by the signal 4435) and generate a third output
signal (e.g., as shown by the signal 4481) with a capacitor, the
capacitor being coupled to the amplifier. Also, the system
includes a third signal generator (e.g., as shown by the com-
bination of the components 4426, 4428, and 4484) configured
to receive the first sensed signal, the third output signal and
the drive signal and generate a fourth output signal (e.g., as
shown by the signal 4485), and a comparator (e.g., as shown
by the component 4482) configured to receive the fourth
output signal and the second sensed signal and generate a
comparison signal (e.g., as shown by the signal 4487). Addi-
tionally, the system includes a fourth signal generator (e.g., as
shown by the combination of the components 4466 and 4490)
configured to receive at least the comparison signal and a
clock signal (e.g., as shown by the signal 4462) and generate
a modulation signal (e.g., as shown by the signal 4468), and a
gate driver (e.g., as shown by the component 4492) config-
ured to receive the modulation signal and output the drive
signal to the peak detector, the second signal generator, the
third signal generator, and a switch, the switch being config-
ured to affect the first current flowing through the primary
winding.

According to yet another embodiment, a method (e.g., as
implemented in FIG. 44 or FIG. 45) for regulating a power
converter includes receiving a first sensed signal. The first
sensed signal is associated with a first winding coupled to a
secondary winding for a power converter, and the secondary
winding is related to at least an output current for the power
converter. Additionally, the method includes generating a first
output signal associated with demagnetization, and receiving
a drive signal and a second sensed signal. The second sensed
signal is associated with a first current flowing through a
primary winding coupled to the secondary winding for the
power converter. Moreover, the method includes processing
information associated with the drive signal and the second
sensed signal, and generating a peak signal based on at least
information associated with the drive signal and the second
sensed signal. Additionally, the method includes receiving
the drive signal, the first output signal, and the peak signal,
processing information associated with the drive signal, the
first output signal, and the peak signal, and generating a
second output signal based on at least information associated
with the drive signal, the first output signal, and the peak
signal. Moreover, the method includes receiving the second
output signal and a threshold signal, processing information
associated with the second output signal and the threshold
signal, and generating a third output signal based on at least
information associated with the second output signal and the
threshold signal. Also, the method includes receiving the first
sensed signal, the third output signal and the drive signal,
processing information associated with the first sensed sig-
nal, the third output signal and the drive signal, and generat-
ing a fourth output signal based on at least information asso-
ciated with the first sensed signal, the third output signal and
the drive signal. Additionally, the method includes receiving
the fourth output signal and the second sensed signal, pro-
cessing information associated with the fourth output signal
and the second sensed signal, and generating a comparison
signal based on at least information associated with the fourth
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output signal and the second sensed signal. Moreover, the
method includes receiving the comparison signal and a clock
signal, processing information associated with the compari-
son signal and the clock signal, and generating a modulation
signal based on at least information associated with the com-
parison signal and the clock signal. Also, the method includes
receiving the modulation signal, and outputting the drive
signal based on at least information associated with the
modulation signal to affect the first current flowing through
the primary winding.

According to yet another embodiment, a system (e.g., as
shown in FIG. 33, FIG. 39, FIG. 40, F1G. 41, F1G. 43, F1G. 44,
or FIG. 45) for regulating a power converter includes a first
signal generator (e.g., as shown by the component 3350)
configured to receive a first sensed signal and generate an
output signal associated with demagnetization. The first
sensed signal is associated with a first winding coupled to a
secondary winding for a power converter, and the secondary
winding is related to at least an output current for the power
converter. Additionally, the system includes a peak detector
(e.g., as shown by the component 3336) configured to receive
a drive signal and a second sensed signal and generate a peak
signal (e.g., as shown by the signal 3337). The second sensed
signal is associated with a first current flowing through a
primary winding coupled to the secondary winding for the
power converter. Moreover, the system includes a second
signal generator (e.g., as shown by the combination of the
components 3366 and 3390) configured to process at least
information associated with the output signal (e.g., as shown
by the signal 3351) and the peak signal (e.g., as shown by the
signal 3337) and generate a modulation signal (e.g., as shown
by the signal 3368), and a gate driver (e.g., as shown by the
component 3392) configured to receive the modulation signal
and output the drive signal to at least the peak detector and a
switch. The switch is configured to affect the first current
flowing through the primary winding. The drive signal is
associated with a switching period (e.g., T,), and the output
signal is associated with a demagnetization duration (e.g.,
Tpemag)- The demagnetization duration multiplied by the
peak signal in magnitude is equal to a demagnetization peak
value. The system is further configured to keep the switching
period constant, keep an average magnitude of the demagne-
tization peak value over a first duration (e.g., T) constant, and
keep the output current constant.

According to yet another embodiment, a method (e.g., as
implemented in FIG. 33, FIG. 39, FIG. 40, F1G. 41, FIG. 43,
FIG. 44, or FIG. 45) for regulating a power converter includes
receiving a first sensed signal. The first sensed signal is asso-
ciated with a first winding coupled to a secondary winding for
a power converter, and the secondary winding is related to at
least an output current for the power converter. Additionally,
the method includes generating an output signal associated
with demagnetization, and receiving a drive signal and a
second sensed signal. The second sensed signal is associated
with a first current flowing through a primary winding
coupled to the secondary winding for the power converter.
Moreover, the method includes processing information asso-
ciated with the drive signal and the second sensed signal,
generating a peak signal based on at least information asso-
ciated with the drive signal and the second sensed signal,
processing information associated with the output signal and
the peak signal, and generating a modulation signal based on
at least information associated with the output signal and the
peak signal. Also, the method includes receiving the modu-
lation signal, and outputting the drive signal based on at least
information associated with the modulation signal to affect
the first current flowing through the primary winding. The
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drive signal is associated with a switching period (e.g., T,),
and the output signal is associated with a demagnetization
duration (e.g., Tp,,,.e)- The demagnetization duration multi-
plied by the peak signal in magnitude is equal to a demagne-
tization peak value. The switching period is kept constant, an
average magnitude of the demagnetization peak value over a
first duration (e.g., T) is kept constant, and the output current
is kept constant.

For example, some or all components of various embodi-
ments of the present invention each are, individually and/or in
combination, implemented using one or more software com-
ponents, one or more hardware components, and/or one or
more combinations of software and hardware components. In
another example, some or all components of various embodi-
ments of the present invention each are, individually and/or in
combination, implemented in one or more circuits.

Although specific embodiments of the present invention
have been described, it will be understood by those of skill in
the art that there are other embodiments that are equivalent to
the described embodiments. Accordingly, it is to be under-
stood that the invention is not to be limited by the specific
illustrated embodiments, but only by the scope of the
appended claims.

What is claimed is:

1. A system for regulating a power converter, the system
comprising:

a ramping signal generator configured to receive a demag-

netization signal and generate a ramping signal;
a first comparator configured to receive the ramping signal
and a first threshold signal and generate a first compari-
son signal based on at least information associated with
the ramping signal and the first threshold signal;
a second comparator configured to receive a sensed signal
and a second threshold signal and generate a second
comparison signal, the sensed signal being associated
with a first current flowing through a primary winding of
the power converter; and
a modulation-and-drive component configured to receive
the first comparison signal and the second comparison
signal and output a drive signal to a switch, the switch
being configured to affect the first current flowing
through the primary winding;
wherein:
the demagnetization signal is associated with a demag-
netization duration;

the drive signal is associated with a switching period;
and

the system is further configured to keep a ratio of the
demagnetization duration to the switching period
constant;

wherein:
the ramping signal generator includes a capacitor, a cur-

rent source, and a current sink;
wherein:
the capacitor is configured to be discharged by the cur-
rent sink in response to the demagnetization signal
being at a first logic level and charged by the current
source in response to the demagnetization signal
being at a second logic level; and

the capacitor is further configured to output the ramping
signal.

2. The system of claim 1 is further configured to keep a
peak of the sensed signal constant in magnitude.

3. The system of claim 2 is further configured to keep an
output current associated with a secondary winding constant,
the secondary winding being coupled to the primary winding
of the power converter.
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4. The system of claim 1 wherein the modulation-and-drive

component includes a flip-flop component.

5. A system for regulating a power converter, the system

comprising:

a first controller configured to receive a demagnetization
signal and generate a first control signal based on at least
information associated with the demagnetization signal;

a second controller configured to receive a first sensed
signal and a first threshold signal and generate a second
control signal, the first sensed signal being associated
with a first current flowing through a primary winding
for a power converter;

an oscillator configured to receive the first control signal
and generate a clock signal based on at least information
associated with the first control signal; and

a modulation-and-drive component configured to receive
the clock signal and the second control signal and output
a drive signal to a switch, the switch being configured to
affect the first current flowing through the primary wind-
ing;

wherein:
the demagnetization signal is associated with a demag-

netization duration; and
the drive signal is associated with a switching period;
wherein the system is further configured to:
keep a ratio of the demagnetization duration to the
switching period constant; and
keep a peak of the first sensed signal constant in magni-
tude.
6. The system of claim 5, and further comprising:
a compensation component configured to generate a com-
pensation signal; and
a signal generator configured to receive an input signal and
generate the demagnetization signal, the input signal
being related to an output current for the power con-
verter;
wherein:
the input signal is a combination of the compensation
signal and a second sensed signal,

the second sensed signal is associated with a first wind-
ing coupled to a secondary winding for the power
converter; and

the secondary winding is related to the output current for
the power converter.

7. A system for regulating a power converter, the system

comprising:

a first ramping signal generator configured to receive a
demagnetization signal and generate a first ramping sig-
nal;

a first comparator configured to receive the first ramping
signal and a first threshold signal and generate a first
comparison signal based on at least information associ-
ated with the first ramping signal and the first threshold
signal;

a peak detector configured to receive a drive signal and a
sensed signal and generate a peak signal, the sensed
signal being associated with a first current flowing
through a primary winding of a power converter;

an amplifier configured to receive the peak signal and a
second threshold signal and generate an output signal
with a capacitor;

a second comparator configured to receive the output sig-
nal and a second ramping signal and generate a second
comparison signal; and

a modulation-and-drive component configured to receive
the first comparison signal and the second comparison
signal and output the drive signal to the peak detector
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and a switch, the switch being configured to affect the
first current flowing through the primary winding.
8. The system of claim 7 wherein:
the demagnetization signal is associated with a demagne-
tization duration;
the drive signal is associated with a switching period; and
the system is further configured to keep a ratio of the
demagnetization duration to the switching period con-
stant.
9. The system of claim 7 is further configured to keep an
average magnitude of the peak signal over a first duration
constant.
10. The system of claim 9 is further configured to keep an
output current associated with a secondary winding of the
power converter constant, the secondary winding being
coupled to the primary winding of the power converter.
11. The system of claim 7 wherein the peak signal repre-
sents a peak magnitude of the sensed signal within each
switching period of the drive signal.
12. The system of claim 7 wherein:
the first ramping signal generator includes a capacitor, a
current source, and a current sink;
wherein:
the capacitor is configured to be discharged by the cur-
rent sink in response to the demagnetization signal
being at a first logic level and charged by the current
source in response to the demagnetization signal
being at a second logic level; and

the capacitor is further configured to output the first
ramping signal.

13. The system of claim 7 wherein the modulation-and-
drive component includes a flip-flop component.

14. A system for regulating a power converter, the system
comprising:

a peak detector configured to receive a drive signal and a
sensed signal and generate a peak signal, the sensed
signal being associated with a first current flowing
through a primary winding of a power converter;

a signal generator configured to process information asso-
ciated with the peak signal and a demagnetization signal
and generate a modulation signal; and

a drive component configured to receive the modulation
signal and output the drive signal to the peak detector
and a switch, the switch being configured to affect the
first current flowing through the primary winding;

wherein:
the demagnetization signal is associated with a demag-

netization duration; and
the drive signal is associated with a switching period;
wherein the system is further configured to:
keep a ratio of the demagnetization duration to the
switching period constant; and
keep an average magnitude of the peak signal over a first
duration constant.

15. The system of claim 14 is further configured to keep an
output current associated with a secondary winding of the
power converter constant, the secondary winding being
coupled to the primary winding of the power converter.

16. A system for regulating a power converter, the system
comprising:

a peak detector configured to receive a drive signal and a
sensed signal and generate a peak signal, the sensed
signal being associated with a first current flowing
through a primary winding of a power converter;

a first signal generator configured to receive the drive sig-
nal and the peak signal and generate a first output signal;
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an amplifier configured to receive the first output signal and
a threshold signal and generate a second output signal
with a capacitor;

a comparator configured to receive the second output sig-
nal and a ramping signal and generate a comparison
signal;

a second signal generator configured to receive the com-
parison signal and a clock signal and generate a modu-
lation signal; and

a drive component configured to receive the modulation
signal and output the drive signal to the peak detector,
the first signal generator and a switch, the switch being
configured to affect the first current flowing through the
primary winding.

17. The system of claim 16 wherein:

the drive signal is associated with a switching period; and

the system is further configured to keep the switching
period constant.

18. The system of claim 17 wherein:

the first signal generator is further configured to receive a
demagnetization signal associated with a demagnetiza-
tion duration;

the demagnetization duration multiplied by the peak signal
in magnitude is equal to a demagnetization peak value;
and

the system is further configured to keep an average mag-
nitude of the demagnetization peak value over a first
duration constant.

19. The system of claim 18 wherein the first output signal
is proportional to the demagnetization duration multiplied by
the peak signal in magnitude.

20. The system of claim 18 is further configured to keep an
output current associated with a secondary winding of the
power converter constant, the secondary winding being
coupled to the primary winding of the power converter.

21. The system of claim 16 is further configured to keep a
power factor associated with the power converter substan-
tially equal to 1.

22. The system of claim 16 wherein the second signal
generator includes a flip-flop component coupled to an AND
gate.

23. The system of claim 16 wherein the peak signal repre-
sents a peak magnitude of the sensed signal within a switch-
ing period of the drive signal.

24. The system of claim 16 wherein the first signal genera-
tor includes a cycle-by-cycle integrator, the cycle-by-cycle
integrator being reset for each switching period.

25. A system for regulating a power converter, the system
comprising:

a peak detector configured to receive a drive signal and a
sensed signal and generate a peak signal, the sensed
signal being associated with a first current flowing
through a primary winding of a power converter;

a first signal generator configured to receive the drive sig-
nal and the peak signal, and generate a first output signal;

an amplifier configured to receive the first output signal and
a threshold signal and generate a second output signal
with a capacitor;

a second signal generator configured to receive the second
output signal and a first input signal and generate a third
output signal, the first input signal being proportional to
a second input signal received by the primary winding;

a comparator configured to receive the third output signal
and the sensed signal and generate a comparison signal;

athird signal generator configured to receive the compari-
son signal and a clock signal and generate a modulation
signal; and
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a drive component configured to receive the modulation
signal and output the drive signal to the peak detector,
the first signal generator, and a switch, the switch being
configured to affect the first current flowing through the
primary winding.

26. The system of claim 25 wherein the second signal
generator includes a multiplier configured to generate the
third output signal equal to the second output signal multi-
plied by the first input signal in magnitude.

27. The system of claim 25 wherein:

the drive signal is associated with a switching period; and

the system is further configured to keep the switching
period constant.

28. The system of claim 25 wherein:

the first signal generator is configured to receive a demag-
netization signal associated with a demagnetization
duration;

the demagnetization duration multiplied by the peak signal
in magnitude is equal to a demagnetization peak value;
and

the system is further configured to keep an average mag-
nitude of the demagnetization peak value over a first
duration constant.

29. The system of claim 28 wherein the first output signal
is proportional to the demagnetization duration multiplied by
the peak signal in magnitude.

30. The system of claim 25 is further configured to keep a
power factor associated with the power converter substan-
tially equal to 1.

31. The system of claim 25 wherein the peak signal repre-
sents a peak magnitude of the sensed signal within each
switching period of the drive signal.

32. The system of claim 25 wherein the first signal genera-
tor includes a cycle-by-cycle integrator, the cycle-by-cycle
integrator being reset for each switching period.

33. A system for regulating a power converter, the system
comprising:

a peak detector configured to receive a drive signal and a
first sensed signal and generate a peak signal, the first
sensed signal being associated with a first current flow-
ing through a primary winding of a power converter;

a first signal generator configured to receive the drive sig-
nal and the peak signal, and generate a first output signal;

anamplifier configured to receive the first output signal and
a threshold signal and generate a second output signal
with a capacitor;

a second signal generator configured to receive a second
sensed signal, the second output signal and the drive
signal and generate a third output signal;

a comparator configured to receive the third output signal
and the first sensed signal and generate a comparison
signal;

a third signal generator configured to receive the compari-
son signal and a clock signal and generate a modulation
signal; and

a drive component configured to receive the modulation
signal and output the drive signal to the peak detector,
the first signal generator, the second signal generator,
and a first switch, the first switch being configured to
affect the first current flowing through the primary wind-
ing.

34. The system of claim 33 wherein the second signal

generator includes:

a second switch configured to receive the second sensed
signal and the drive signal;

a multiplier configured to output the third output signal;
and



US 9,385,612 B2

83

an operational amplifier coupled to the second switch and

the multiplier.

35. The system of claim 33 wherein:

the drive signal is associated with a switching period; and

the system is further configured to keep the switching

period constant.

36. The system of claim 35 wherein:

the first signal generator is further configured to receive a

demagnetization signal associated with a demagnetiza-
tion duration;

the demagnetization duration multiplied by the peak signal

in magnitude is equal to a demagnetization peak value;
and

the system is further configured to keep an average mag-

nitude of the demagnetization peak value over a first
duration constant.

37. The system of claim 36 wherein the first output signal
is proportional to the demagnetization duration multiplied by
the peak signal in magnitude.

38. The system of claim 33 is further configured to keep a
power factor associated with the power converter substan-
tially equal to 1.

39. A system for regulating a power converter, the system
comprising:
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a peak detector configured to receive a drive signal and a
sensed signal and generate a peak signal, the sensed
signal being associated with a first current flowing
through a primary winding of a power converter;
a signal generator configured to process information asso-
ciated with the peak signal and a demagnetization signal
and generate a modulation signal; and
a drive component configured to receive the modulation
signal and output the drive signal to the peak detector
and a switch, the switch being configured to affect the
first current flowing through the primary winding;
wherein:
the drive signal is associated with a switching period;
the demagnetization signal is associated with a demag-
netization duration; and

the demagnetization duration multiplied by the peak
signal in magnitude is equal to a demagnetization
peak value;

wherein the system is further configured to:
keep the switching period constant;
keep an average magnitude of the demagnetization peak

value over a first duration constant; and
keep an output current associated with a secondary
winding of the power converter constant.
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